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I. BACKGROUND

A.  STUDY BACKGROUND AND PURPOSE

Rapid growth in double-stack container operations has brought the rail indus-
try to the verge of large-scale domestic containerization. The container
capacity of the double-stack fleet has increased from 400 container spaces

in 1983 to an estimated 30,000 in 1989, while conventional trailer slots
dropped by over 20,000, In that same period, rail transfer facilities have
been condensed from over 400 ramps into a system of about 215 high-volume
mechanized hubs capable of supporting frequent double-stack service in most
major rail corridors. The necessary infrastructure for a domestic container
system, seemingly unattainable just a decade ago, is 1arge1y in place.

Market forces are already in motion to cross that verge and create large-
scale domestic double-stack container services in some markets. Domestic
container services are routinely marketed by railroads, ocean carriers, and
third parties. Yet the wholesale replacement of other intermodal services
with double-stacked containers is not a certainty. There are operational,
economic, and institutional issues to be resolved. The issue is not whether
there will be domestic containerization: ' it is here. Rather, the issue is
whether there will be an identifiable domestic double-stack network. We
believe the answer is "yes"f the forces are already in motion. The ques-
tions are: Under what circumstances? Where? How large? And how do we
get there from here?

This study was undertaken by the Federal Railroad Administration and the
Maritime Administration to assemble a comprehensive picture of double-stack
systems, to determine the potential for domestic double-stack container
transportation, and to identify the implications of expanded double-stack
systems for railroads, ports, and ocean carriers. The study was performed
by Manalytics, Inc. and subcontractors ALK Associates, Transportation Re-
search and Marketing, and TF Transportation Consultants. It answers six
major questions:

0 What is the status of double-stack container systems?



0 Under what conditions can domestic double-stack container systems
be competitive with trucks?

0 What form might a potential double-stack network take?
0 What implications would such a network have for railroads?

o  What implications would such a network have for ports and ocean
carriers?

0  Are existing market forces sufficient to bring about an efficient
double-stack network?

B. THE DEVELOPMENT OF DOUBLE-STACK SERVICES

1.  The Growth of Rail-Marine Intermodalism

There were five major factors in the rapid growth of rail-marine
intermodalism: ‘ ‘

o the introduction of the international marine container in the 1960's,
which provided a uniform system to carry general cargo in large,
‘unitized lifts;

0 the develaopment of minilandbridge services to the major eastern U.S.
markets for Far East imports, which encouraged the creation of load
centers and the development of rail rather than all water movements;

o the emergence of strong Pacific Rim exporting economies in the 1970's
and 1980's, which provided the transpacific landbridge cargo and led
the ocean carriers to seek domestic backhaul freight;

0 the modern rail infrastructure, including "hub and spoke" rail distri-
bution and availability of lift-on/1lift-off equipment at inland as
well as terminals; and

0 the development of powerful computer support systems, which permitted
managers to monitor intermodal equipment and track shipments.

A11 five factors emerged in pursuit of competitive advantage, and were
accompanied by marketing initiatives and organizations designed to exploit
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that advantage. Without these five factors, intermodalism as we now know
it may have developed over time, but it is dn]ike]y that it would have
developed so fast or risen to the current level of operational efficiency
and economic advantage.

The United States waterborne domestic trades, because of relatively expen-
sive longshore labor at both ends of the voyage (as compared to only the
U.S. end of most international trades), nurtured the development of the
marine container in the Tate 1950's and early 1960's. Although previous
ocean-going container systems had been tried, none endured. Sea-Land
Service, in the intercoastal trades on the U.S. Atlantic and Gulf Coasts,
and Matson Navigation Company, in the West Coast/Hawaii trade, nearly
simultaneously developed the modern ocean container.

After becoming established in the U.S. domestic trades, containerization
quickly entered international trade. Grace Lines, then a U.S.-flag carrier
serving South America, converted two break-bulk ships to carry containers
to South America in 1960. Sea-Land introduced the first trans-Atlantic
container service in 1966, and Matson inaugurated a Far East container
service in 1967. Sea-Land began eastbound commercial container operations
from Japan in 1968.

One of the major promises of the container, besides longshore labor cost
reductions, was the development of intermodalism: the ability to transfer
large, secure, unitized Tots of cargo between ships and landside transport.
Early in the development of containerization, Sea-Land, Matson, Seatrain
Lines, and Atlantic Container Lines, among others, investigated landbridge
(from a foreign origin to a foreign destination via two U.S. ports, with a
land transport segment connecting the two U.S. ports), minilandbridge (from
a foreign origin to a U.S. port destination, but entering the U.S. at
another U.S. port on another coast, with a land transportﬁéegment connect-
ing the two ports), and microlandbridge (from a foreign origin to an inland
U.S. location, but entering the U.S. at a port on a more distant coast
closer to the foreign origin). Development of landbridge oberations was
slowed more by the regulatory environment than by the transportation
infrastructure. Domestic rail and truck carriers are regulated by the
Interstate Commerce Commission (ICC), while the international ocean carriers
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are regulated by the Federal Maritime Commission (FMC). Tariffs across
jurisdictions were originally prohibited, and through bills of lading and
single factor rates (where the ocean carrier charges for, and takes responsi-
bility for, the full intermodal movement, and divides the revenue with the
rail carrier off-tariff) were not legal at the time. Ocean carriers and
domestic carriers had to issue separate bills and charge independently.

Minilandbridge (MLB) services substitute relatively expensive rail service
for more economical water service. However, other factors are involved
than just transport costs when considering the viability of MLB services,
such as:

0 the size of the MLB market;

0 the size of the local market at the potential intermediate MLB
ports;

0 the proportion of high-rated cargoes; and

0 the degree of railroad cooperation.

The first MLB tariff was filed in 1972 by Seatrain Lines for Far East
cargoes moving to North Atlantic ports via California ports. This parti-
cular market was the biggest in the early 1970's, but, importantly, it also
had a high proportion of high valued cargoes that would benefit from the
faster transit times offered by MLB services. Seatrain chose to serve the
North Atlantic states via California ports, instead of Seattle, because of
the larger Tocal market in California. After the success of this MLB
service, other MLB services proliferated as the economics of the service
improved and the demand for faster transit times increased.

The next variation on landbridge service came with the introduction of
microbridge services. U.S. consumer demand for imports from the Far East
created large containerized cargo flows to the major population centers in
the Midwest. These regional centers were, and still are, served with
minimum rail or truck hauls by all-water services through Atlantic and Gulf
Coast ports, but intermodal services through West Coast ports offered
significantly faster transit times. Microbridge services for Pacific Rim
cargoes have gradually extended eastward, including cities as close to the
Atlantic Coast as Atlanta and Pittsburgh, and now dominate the trade.



Finally, the Shipping Act of 1984 gave an extra boost to lTandbridge ser-
vices of all kinds by allowing conferences to offer intermodal single-
factor rates. With the rapid growth in containerized imports, moving from
the Far East through West Coast ports to Eastern points, the need to
improve efficiency and reduce linehaul costs led to the development of
double-stack container service.

2. Critical Developments in the Advent of Double-Stack Service

Double-stack container services were not created by the actions of any one
party. They emerged instead from a series of actions, each facilitating or
broadening double-stack services in some way. The first critical develop-
ment was the development of the double-stack car itself by a team of
Southern Pacific mechanical engineers under the direction of W. E. Thomford.
These cars were specifically intended to reduce linehaul costs on SP's
Sea-Land traffic in the Southern Corridor. A single-platform version was
completed in 1977 by American Car & Foundry (ACF) for Southern Pacific.
Subsequent versions produced in 1979 and 1981 grew to three and five
articulated units, with five units becoming a standard for all subsequent
production.

In July of 1983, American President Lines ran its first experimental
double-stack train from Los Angeles to Chicago. Double-stacking was a
technological improvement over the intermodal flatcars used in APL
Linertrains since 1979. APL sought to maintain and improve on the control
it had achieved over inland operations with its conventional Linertrain
service, and to reduce linehaul costs on that service. Regular APL double-
stack service started in 1984, and was followed by double-stack service by
Sea-Land in 1985. Soon thereafter, other ocean carriers, including Maersk,
NYK, "K" Line, and 00CL, started dedicated double-stack trains from the
West Coast.

Another major factor was Trailer Train's decision to create a double-stack
car fleet, which allowed expansion of double-stack services beyond the
dedicated trains of major ocean carriers. In fact, with few exceptions,
the ocean carriers who purchased or leased cars for their initial trains
turned to Trailer Train cars for subsequent expansion. Trailer Train
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thereafter committed heavily to double-stack technology. Further develop-
ment of domestic double-stack services is likely to rely on Trailer Train
or other firms to supply and maintain pools of double-stack cars.

As these developments were occurring, railroad regulation was substantially
reduced between 1976 and 1981, permitting railroads to conduct intermodal
business in a much freer environment. In 1976, Congress passed the Rail-
road Revitalization and Regulatory Reform (4R) Act, which allowed the ICC
to exempt certain traffic under limited circumstances. The 4R Adt:alsb
paved the way for more extensive regulatory reform. The major progress in
railroad deregulation came with the passage of the Staggers Rail Act of
1980, which gave the railroads a considerable amount of latitude in deter-
mining and modifying rates without the ICC's interference, and backed up
the earlier ICC ruling on contracts by permitting contract carriage on rail
common carriers. The Interstate Commerce Commission exempted Trailer-on-
Flatcar/Container-on-Flatcar (TOFC/COFC) service from rate regulation in
1981, and eliminated all remaining TOFC/COFC rate regulation in 1987. The
railroads’ ability to make contracts with their customers proved to be an
important element in the success of the innovative intermodal services
developed during the 1980's.

As Figure 1 shows, intermodal traffic volume grew dramatically in the
1980's, accounting for a growing share of railroad traffic and revenues and
demanding a larger share of management attention.

The dedicated "unit" trains of APL and Sea-land set the pattern for early
double-stack operations. The introduction of "common-user" service by
Burlington Northern (BN) in 1985 led to far greater flexibility in double-.
stack operations. The volume contracts offered by BN were more important
than the trains themselves. These contracts had three critical features:

o "tier rates," with unit cost declining in steps as the annual volume
commitment reached a series of thresholds;

0o system-wide application, so all traffic between Seattle or Tacoma and
points on the BN system could be combined to meet the volume commit-
ment; and



Average Annual Growth Rate: 6.05%
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Figure 1: RAIL INTERMODAL VOLUME, 1978-1988
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o flexible backhaul provisions, where the customer could solicit back-
hauls, move containers empty, or have BN solicit the backhauls.

These volume contracts have set the pattern for virtually all new rail
contracts, including those for domestic container traffic.

A related development occurred when major double-stack customers began
re-marketing dedicated train capacity, thus taking on the role of third
parties as well as being shippers. Express Systems Intermodal (ESI), then
a subsidiary of SeaPac and 00CL, began soliciting the traffic of other
ocean carriers to fill out its trains on SP. Once APC had set up American
President Intermodal (API) to operate trains for APL, API also began to
solicit traffic from other ocean carrier and domestic third parties,
including its own. These actions increased the flexibility of the
double-stack system, and provided alternate means for other carriers to
take advantage of double-stack economics.

C. KEY ROLES IN DOUBLE-STACK DEVELOPMENT

1. The Rail Role

The rail role must be viewed in the context of overall intermodal growth
and a change in the way intermodal traffic has been conducted and per-
ceived. Al1 of the early double-stack trains were dedicated services.

Each ocean carrier had a set of double-stack cars, owned, leased, or
assigned by Trailer Train for its use. Each service effectively operated
as a unit train, although the sets of cars may have been broken up and
rearranged from time to time. Thus, for the first year or so, double-stack
trains were viewed as unit trains, and operationally distinct from other
railroad trains. The introduction of common-user services by several
railroads in 1985 and 1986, and the development of multi-destination
trains, quickly ended any such distinction. Railroads mix double-stack
cars with other intermodal cars to achieve the desired capacity and service
frequency. The number of cars and containers on a train will also vary
week to week. Almost none of the double-stack trains now operating are
true unit trains in the sense of having a fixed car consist.



Despite being occasionally identified as the operators of double-stack
trains, only three ocean carriers actually acquired double-stack cars (APL,
Sea-Land, and Maersk). Railroads acquiréd a few cars (either leased or
purchased), but the vast majority of double-stack cars has been provided by
Trailer Train. Trailer Train Company was incorporated by the Pennsylvania
Railroad and the Norfolk and Western Railway in 1955. Now owned by 14
railroads and rail systems, Trailer Train operates a fleet of over 44,000
intermodal cars.

Trailer Train has performed a crucial role in facilitating the growth of
double-stack traffic. Once Trailer Train began offering double-stack cars,
it was no longer necessary for either ocean carriers or railroads to commit
capital to a new service. Until this ability was recently curtailed as a
condition of continuing anti-trust immunity, Trailer Train could assign a
group of double-stack cars to a specific railroad for a period of several
years for use by a specific ocean carrier. By permitting ocean carriers
and railroads to start services without the capital outlay for cars,
Trailer Train dramatically reduced the barriers to double-stack service and
diminished the risks borne by individual carriers.

Three railroads developed intermodal facilities to handle containers
exclusively, signalling a new level of commitment to intermodal and double-
stack traffic. The Southern Pacific Intermodal Container Transfer Facility
(ICTF) in Los Angeles was a joint effort with the Ports of Los Angeles and
Long Beach. Its proximity to the ports and its efficiency have been
instrumental in attracting the majority of Southern California's container
traffic. BN's Seattle International Gateway (SIG) also was built to
provide exclusive container transfer facilities adjacent to the port, and
has been highly successful in handling BN's common-user traffic. CNW
converted an existing Chicago yard into Global One, the first inland
facility designed to handle double-stack container traffic exclusively. In
each case, the railroad not only responded to an existing need for improved
facilities, but looked forward to double-stack growth.



2. The Ocean Carrier Role

Ocean carriers took the initiative to put the double-stack service package
together. Railroads were reluctant to develop retail intermodal opera-
tions, or to invest heavily in a field that has been marginally profitable.
Ocean carriers were willing, for their own reasons, to take the retail role
and make both volume commitments and capital investments. Before the
development of double-stack services, intermodal container services were
usually merged with existing rail TOFC as container-on- flatcar (COFC)
traffic. 1In 1979, American President Lines determined that it could offer
better service to its intermodal clients if it had more control over the
rail line haul and terminal portions of its system. APL, therefore,
contracted for its own dedicated trains and terminal services, and pur-
chased or leased its own railcars. Early in 1984, APL started regularly
scheduled double-stack unit train services between Los Angeles and Chicago.

As the success of APL's trains quickly became appareht, other ocean
carriers established their own services. Sea-Land, 1ike APL, acquired its
own cars for service between Seattle and Little Ferry, New Jersey. Maersk,
using Trailer Train cars, began service between Tacoma and Chicago. NYK,
using Trailer Train cars, and "K" Line, using the original SP cars, began
service between Los Angeles and the Midwest. Intermodal competition forced
foreign-flag steamship Tines to establish double-stack train services and
domestic subsidiaries. The Rail-Bridge Corporation, for example, was set
up as a U.S. subsidiary of "K" Line to operate its double-stack services.

The introduction of double-stack service coincided with strong growth of
import cargoes in the transpacific trade, which created a heavy eastbound
imbalance. Based on Bureau of the Census data, an estimated 1.4 million
TEU of imports passed through the West Coast ports in 1984 and only 0.9
million TEU of exports, an imbalance of 1.6:1. The imbalance grew to
1.9:1 in 1985 and to 2:1 in 1986. Since APL leased or owned its initial
double-stack cars and had full responsibility to fill the cars in both
directions, it had significant incentive to develop additional cargoes to
fill westbound containers. In 1985, APL acquired a shippers agent,
National Piggyback Services (renamed American President Distribution
Services, or APDS) and a distribution service, Intermodal Brokerage
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Services, and formed American President Intermodal to oversee its double-
stack services while APDS solicits domestic freight and APL solicits
international cargo.

While Sea-Land and Maersk also purchased double-stack cars, few ocean
carriers made the capital commitment of APL. Most, however, recognized the
need to provide double-stack services, and some recognized the opportunity
to compefe for domestic traffic. The roles played by ocean and rail
carriers thus became less clearly defined. Ocean carriers have takén
responsibility for a larger portion of the transportation chain from
shipper to consignee, and a greater portion of the risks and revenues.

3. The Port Role

Ports played a mix of roles in the development of double-stack traffic.
West Coast ports saw double-stack trains as a manifestation of load
centering, and their approach varied from simple encouragement to facility
construction and proposed sponsorship of double-stack trains. East Coast
ports were less involved initially, since the initial thrust of inland
container movements came from the transpacific carriers.

The Tong development times reqﬁired to develop new port facilities make it
difficult for ports to react quickly to new trends. Nohethe]ess, some

ports were able to incorporate provisions for double-stacks in projects
underway. The Port of Tacoma's South Intermodal Yard was completed to

bring double-stack trains on-dock at the new Sea-Land terminal. In Southern
California, plans for the the multi-year ICTF project were altered to
facilitate double-stack operatibns.'

Some ports investigated sponsoring or contracting for double-stack opera-
tions to serve smaller ocean carriers who could not individually justify
double-stack trains. The Port of Baltimore joined with the Chessie System
to sponsor (i.e. market) a train. That service has since been melded into
CSL's overall intermodal service. The Port of Seattle announced plans to
sponsor a dedicated train to provide double-stack service to its carriers.
In response, BN began offering the first "common user" trains, with
six-day-per-week double-stack service open to smaller steamship Tines and
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third parties, including the Port. The Port of Seattle thereafter
abandoned plans to sponsor its own trains, and offered a consolidation plan
under BN's tier rates. The Port Authority of New York and New Jersey had
trial trains run by Conrail in late 1988, but did not achieve the hoped-for
response. The Port of Long Beach had periodically discussed sponsoring a
double-stack train for its steamship line clients. By early 1989, with the
advent of common-user service in Southern California by SP, ATSF; ESI, and
API, the idea was dropped. By offering common-user services, the railroads
and multimodal companies have apparently eliminated much of the perceived
need for port-sponsored trains.

The Port of Oakland took what is so far (1990) a unique step in facilita-
ting double-stack operations. The Port of Oakland provided about $5
million in a joint effort with UP and API to improve tunnel clearances on
UP's central corridor route serving the Port. Work was completed in 1989.
A more Timited tunnel clearance project was under consideration by the Port
of San Francisco in 1989. The San Francisco project would improve
clearances through two Southern Pacific tunnels south of the Port.

q, The Role of Risk

Risk plays a major role in any new venture. One can identify five major
kinds of risk in the development of double-stack services.

o Technological Risk: doub1e-stack cdrs and the terminal infrastructure
might not have performed as expected. '

o Economic Risk: double-stack operations and marketing might have been
more costly than expected. |

o Financial Risk: the operafing savings and revenues might not have
justified the capital and market development costs.

o Volume Risk: the service might not have attraéted, developed, and
retained sufficient volume in both directions.

0 Acceptance Risk: double-stack serviqe might not have been acéepted
by shippers, consignees, and third parties. ‘
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As it turned out, double-stack systems did perform as well as expected,
double-stack services appear to be economically and financjally sound,
adequate volume has been attracted and retained, and the service has been
enthusiastically accepted by most parties. In the 1970's and early
1980's, however, these risks were real. For double-stack services to
begin, each of these risks had to be eliminated or reduced to accgptab]e
levels.

5. Implications for Domestic Double-Stack Services

The history of marine containerization and internatioha] double-stack
service has useful implications for domestic containerization and
double-stack service. ‘The various risks faced and overcome in the
international sphere have their domestic counterparts. Some of the
critical developments in domestic double-stack service have already
occurred. '

One hurdle faced by marine containerization has already been passed
domestically: the development of a standard container. Although it has
not been officially sanctioned by any regulatory body or industry asso-
ciation, the 48-foot Tong, 8-foot 6-inch high, 102-inch wide container is
now a de facto industry standard for domestic use, to match the competitive
truckload standard. (There are small numbers of 45' and 53' domestic
containers for special purposes.)

0f the five major sources of risk -- technological, economic, financial,
volume, and acceptance -- three are still present for domestic double-

stacks. The technology clearly works, and the underlying economics have
been amply demonstrated. Financial, volume and acceptance risks remain.

Financial and volume risk are substantially reduced because domestic
containerization and double-stack service began incrementally, as an
extension of international services. The first domestic double-stack
services did not entail separate financial and volume risks, since they are
backhauls to international services. True domestic services -- fronthauls
as well as backhauls -- were and are added to trains whose existence relies
on an international traffic base.
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The successful marketing of international containers for domestic back-
hauls, and later fronthauls, has gfeat]y advanced the acceptance of the
container itself as a domestic freight vehicle. International operations
have also yielded valuable experience with the superior ride quality and
reduced Toss and damage of double-stacks, which have become marketing
points. Acceptance by forwarders, shippers' agents, and other third
parties who were already intermodal users, however, is not the same as
acceptance by shippers who have used trucks exclusively for many years.
Because trucks remain a highly competitive and after more efficient mode,
domestic containerization faces a more difficult challenge, particularly in
market development.

D.  STUDY APPROACH

1. Advisory Committee

From the beginning, the study team recognized the critical importance of
industry contacts to the successful completion of this study. In addition
to the ad hoc contacts made during data acquisition and analysis, the study
team assembled an Advisory Committee to review draft reports, suggest
improvements, and maintain a realistic viewpoint. The following indivi-
duals served on the Advisory Committee and gave generously of their time
and expertise:
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Donald Cole ‘ Steven C. Nieman

Vice President, Vice, President,

Planning & Development Strategic Planning

Trailer Train Company American President Domestic
David J. DeBoer Craig F. Rockey

Vice President, Assistant Vice President,
Greenbrier Intermodal : Economics

Association of American Railroads
Henry T. Domery
General Manager-Intermodal, Phillip C. Yeager
Pennsylvania Truck Lines Chairman,
The Hub Group, Inc.
James H. Mcdunkin
Vice President,
American Association of Port Authorities

The advice and participation of these individuals improved the quality and
relevance of the study. The findings of this study, however, do not
represent the positions or policies of these individuals or their organiza-
tions, and they bear no responsibility for study content.

2. Assessment of Existing Markets and Services

The first task of this study was to establish the status quo for double-
stack container systems. The study team drew data from three major
sources:

0 rail data from the 1987 Carload Waybill Sample (CWS);

0 truck data from the 1985-87 National Motor Transport Data Base
(NMTDB); and

0 maritime data from the 1987 Bureau of the Census foreign trade
database.

These data were processed to create a profile of existing relevant traffic
flows in all three modes. Information on current double-stack operations
and technology was obtained from industry contacts and publications.
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3. Establishment of Service and Cost Criteria

The study team developed service and cost criteria to determine the condi-
tions under which domestic double-stack container services could be fully
competitive with truckload carriers, who constitute the major long-term
competition. Service criteria were based on typical drayage, terminal, and
transit times. Cost criteria were based on engineered cost estimates for
each function in door-to-door double-stack service. Favorable assumptions
were used to gauge the full potential of domestic double-stack container
systems.

4, Estimating Hypothetical 1987 and 2000 Double-Stack Networks

The service and cost criteria, translated into volume and Tength of haul
requirements, were applied to the relevant traffic data to generate a
hypothetical 1987 core network of truck-competitive double-stack service.
A methodology was developed to identify potentially divertable truck
movements. Published growth forecasts for domestic and international
intermodal traffic were then used tc develop a hypothetical year 2000 core
network.

5. Implications for Railroads

Implications for railroads were identified in several areas: overall
traffic volume; equipment and capital needs; terminal capacity; marketing;
and changing roles within the intermodal field.

6. Implications for Ports and Ocean Carriers

Implications for ports and ocean carriers were likewise identified,
focussing on the sompatibility of international and domestic container
flows; the impacts on port and ocean carrier operations; effects on
port/ocean carrier/railroad relationships; and the future roles of ports
and ocean carriers.

-15-



7. The Intermodal Industry and Domestic Containerization

Statistics and cost estimates are only part of the story, and the
intermodal field has transcended the traditional roles of railroads, ports,
and ocean carriers. The study team therefore examined the broader
implications of domestic containerization for the emrging intermodal
industry and the ways in which the participants do business.
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II. EXISTING MARKETS AND SERVICES

A.  RELEVANT 1987 TRAFFIC FLOWS

1. Rail Traffic Flows

Data Source. The source for rail data for this study is the 1987 Inter-
state Commerce Commission Carload Waybill Sample (CWS). The study team
extracted all intermodal data (trailers and containers) from the 1987 CWS,
and selected carload data. The intermodal data were classified as follows:

0 Intermodal moves {all trailers and containers, regardless of
car type);

0 TOFC moves (trailers only);
) COFC moves (all containers, regardless of car type); and
0 Identifiable double-stack moves.

Identification of Intermodal and Double-Stack Traffic. The identification

of intermodal traffic in the CWS is quite reliable. The identification of
current double-stack traffic as a subset of the reljably known intermodal
traffic is not clear cut or reliable. Although railroads are required to
report the actual car initial and number which was used to transport
intermodal equipment, there are two problems with the use of the cartype
field in identifying double-stack traffic. First, if a CWS record covers
the movement of more than one car, only the first car's initial and number
are reported. Since rail waybills tend to cover the movement of similar
goods, this is not a serious problem, as equipment following the first car
is Tikely to be similar to the reported car. Second, many railroads simply
do not record what actual cars they are hauling. Since the actual waybill
covers the movement of the trailers or containers, and not the cars on
which this equipment was Toaded, the waybill and revenue settlement pro-
cesses do not capture the actual railcar used. To help alleviate this
problem, the ICC has given permission to railroads to report a representa-
tive car initial and number, which in many cases is not a double-stack car.

-17-



The remaining question of how many other similar movements were missed
which are also 1ikely double-stack services by rail is unanswerable from
the Carload Waybill Sample.

Identifiable Double-Stack Flows. Figure 2 shows the 1987 double-stack
traffic flows that could be identified from the Carload Waybill Sample. As
explained, an unknown portion of the other container traffic also moves on

double-stack cars. Nonetheless, the movement pattern shown in Figure 2
closely matches the major 1987 double-stack operations. The three major
western rail corridors each handled substantial double-stack volumes. The
Burlington Northern handled double-stack traffic between Seattle/Tacoma and
Chicago, and to a lesser extent between Seattle/Tacoma and Kansas City or
Memphis. Union Pacific's double-stack traffic from all these west coast
port regions oves through the Central Corridor to Chicago via CNW. South-
ern Pacific moves large volumes on the Southern Corridor between Los Angeles
and points in the South, Gulf, and Midwest.

Container Flows. Figure 3 combines all container flows, including those
identified as double-stacks in Figure 2. As expected, the overall flow
pattern closely resembles the double-stack pattern. Aside from the higher
unit counts on all routes, fhe major difference is the presence of signifi-
cant COFC flows in secondary markets where, as of 1987, double-stack
services had not penetrated. Double-stack services were extended to
several of these markets in 1988 and 1989. Overall, 42 percent of the
unit-miles in flows shown in Figure 3 were identified as double-stacks in
Figure 2.

Trailer Flows. The pattern of trailer flows shown in Figure 4 is markedly

different from the pattern of container flows. Most obvious are the much
greater participation of Santa Fe in TOFC traffic, and the heavy volume on
Conrail. 1In fact, Figure 4 vividly portrays the long-standing cooperation
of Santa Fe and Conrail on east-west transcontinental TOFC movements. A
second major difference is the much greater north-south traffic, particular-
ly in the Midwest and Southeast. Routes such as Chicago-Dallas (which
received double-stack service in December of 1988) carried far more trail-
ers than containers in 1987.
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Figure 2




Double Stack Container Flows
Data Source: 1987 ICC Carload Waybill Sample
Total Unit—Miles: 1,305,568,743
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Total Intermodal Flows. Figure 5 combines the TOFC and COFC data to
illustrate the overall pattern of rail intermodal movement. As expected,

1987 intermodal traffic was concentrated on long hauls between major
population centers and hubs. Figure 5 places the eastern and western
railroads in much different postures. In the East, with the exception of
Conrail's major route, intermodal volumes are diffused over the network.
In the West, intermodal volumes are concentrated on the transcontinental
mainlines, giving the appearance of a tree-like structure. Overall, the
national pattern is hub-and-spoke, with the western spokes being much
longer.

Carload Traffic Data. The first step in selecting the carload traffic of

interest is to define "boxcar" traffic. In contemplating the diversion of
"merchandise" traffic from general-purpose boxcars and refrigerator cars to
general-purpose dry and refrigerator containers, it is desirable to elimi-
nate bulk loading, exceptionally heavy or dirty commodities, and some
traffic carried in specialized boxcars. The UMLER/AAR cartype code restric-
tions listed in Appendix Table 1 achieve that purpose. Standard transporta-
tion commodity code restrictions are given in Appendix Table 2.

It was assumed that all of'these commodities would be carried in dry
containers or self-contained refrigerator containers 48 feet long, 102
inches wide, and § feet 6 inches high. These are the dimensions of the
48-foot containers used by most companies for domestic traffic. A dry
container of this size has a tare weight of about 8100 pounds and a capa-
city of 3450 cubic feet. A notional self-contained (i.e. with generator
set) refrigerator container of this size would weigh about 13,100 pounds
(allowing 5000 pounds for genset and refrigeration equipment, typical of
Canadian self-contained reefers) and would have a capacity of about 2950
cubic feet (losing about 500 cubic feet to refrigeration equipment).

Actual Toading of such containers is further restricted by rail and highway
weight 1imits and by imperfect packing or stowage. Some carriers Timit
loading in 48-foot containers to 48,000 pounds to allow for a variety of
chassis weights and to meet highway limits, which are more stringent than
rail limits. The corresponding reefer Timit would be 43,000 pounds.
Historic trade data show an average container cubic utilization of 80
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1987 Intermodal Rail Traffic

Total Trailers And Containers
Data Source: 1987 ICC Carload Waybill Sample




percent, meaning that, on average, 20 percent of the cubic capacity is used
for dunnage or bracing, or is wasted due to an inexact fit of commodity
packages or pallets. Thus, the practical Toading limits are as follows:

Container Weight Capacity Cubic Capacity
48-foot dry 48,000 1bs. 2760 cu ft.
48-foot reefer 43,000 1bs. 2360 cu ft.

Only a few commodities are cube-limited: tobacco, furniture, rubber and
plastic goods, glass, pottery, electrical machinery (appliances), instru-
ments, and empty containers. Choosing a large domestic container with a
higher tare produced a liberal estimate of container equivalents for
weight-1imited commodities. Thus, the estimate of container equivalents
for boxcar commodities tends toward the upper bound.

Selected Boxcar Flows. The commodity-by-commodity selection process
results in the boxcar flows illustrated in Figure 6. The unit-mile total
in 1987 was 3,527,253,072 -- very close to the TOFC total. Figure & shows,
however, that the boxcar traffic flows are much more diffuse, particularly

in the lower Midwest and Southeast. The boxcar flows show the importance
of lumber, paper, and auto parts, which move in different corridors than
existing intermodal traffic.

Combined Intermodal and Boxcar Traffic. A1l of the rail traffic selected
for analysis in this study is shown in Figure 7. This figure can be most
succinctly described as a U.S. rail map with Tong-haul intermodal flows
highlighted and coal and grain flows deleted. Major origin and destination
hubs that stand out include Seattle, Portland, Oakland, Los Angeles, Kansas
City, St. Louis, Chicago, Dallas, Houston, New Orleans, Memphis, Detroit,
Atlanta, Miami, Philadelphia, New York, and Boston. All of the largest
rail systems are well-represented, but some of the regionals such as S00,
KCS, ICG, and the Guilford System are not. Due to its heavy Jacksonville-

Miami intermodal traffic, the Florida East Coast is quite prominent.
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Selected Boxcar Flows In 40 Foot Equivalent Units

Data Source: 1937 ICC Carload Waybill Sample
Total Unit—Miles: 3,527,253,072
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2. Transcontinental Truck Traffic

Data Source. There is only one current database of motor container move-
ments: the National Motor Transport Data Base (NMTDB), maintained by
Transportation Research and Marketing (TRAM). For the past 13 years, the
NMTDB has generated two basic data sets: answers to more than 60 questions
asked in one-on-one interviews in selected truckstops; and passing counts
of heavy trucks taken by fleet type and trailer type on interstate highways
at or near interview locations. Each year, TRAM compiles 23,000 to 25,000
in-depth surveys and nearly 800 passing counts.

Interviews are currently being conducted at 19 points. At least 80 inter-
city drivers are interviewed each month at each location. At those loca-
tions where more than 120,000 passings occur, one interview is completed
for every 1,500 trucks passing. Random interviews are conducted at all
hours of the day and night, and at all times of the month. The NMTDB also
uses 21 four-hour heavy truck passing counts taken randomly over a contin-
uous seven-day period twice a year. Each passing truck is counted by type
of carrier operation (private, regular route, or irregular route), by type
of trailing unit (flat, van, refrigerated, drop frame, moving van, etc.)
and by direction. All trailer types are specifically tabulated. The 21
four-hour period counts are then projected to weekly data, and estimated
30-day passing counts are developed.

TRAM selected the most comparable and useful format for 1987 data, and
selected the relevant portions of the NMTDB. In order to maximize the
sample size for this project, TRAM combined the results of the 1985, 1986,
and 1987 interviews. For the initial phase of this study, TRAM identified
that segment of truck traffic for which rail intermodal services are
presently competing with some sign of success. The rail data in Figure 5
show quite clearly that the greatest strength of intermodal service is in
transcontinental east-west traffic.

The truck traffic for which these major intermodal services compete was
selected from the NMTDB. As shown in Figure 8, this includes dry van and
refrigerated (reefer) movements to and from the two westernmost regions:
California and Oregon/Washington. To identify such traffic, passing counts
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1987 TRAM Truck Volumes
Source: TRAM Truck Survey Data

Truck Unit Volumes
700 e
175 Pra—
.
350 175

\ 700 (in 000’s)
(=]

b
Figure 8




and survey data was used from three sites: Rock Springs, Wyoming (Inter-
state 80); Eloy, Arizona (Interstate 10); and Gallup, New Mexico (Inter-
state 40). Relevant traffic on the northernmost route (Interstate 90 and
94) was investigated but found to be negligible. To account for north-
south traffic between California and Oregon/Washington, passing count and
jnterview information from Redding, California (Interstate 5) was also
used.

- Initial data compilation was restricted to dry vans of truckload carriers.

Upon review of the data and further investigation, it was determined that
refrigerated (reefer) movements should also be considered because:

) although existing>refrigerated’container service by rail is
.~ minimal, technica] and commercial approaches are being actively
pursued; and '

o . from NMTDB interview data, it appears that about 50 percent of
the westbound movements (commonly considered to be backhauls)
carry non-temperature-sensitive freight.

The refrigerated freight market therefore appeérs to be accessible, and is
apparently intertwined with the dry freight market; Accordingly, reefer
passing counts and interviews for reefers from the same sites (Rock
Springs, Eloy,.Gallup, and Redding) were compiled.

Table 1 shows annualized estimated dry van and reefer truck flows to and
from west coast states through each of the four sites. As the tables show,
the majority of transcontinental Ca]ifornia truck traffic moves over the
southern routes, Interstate 10 and Interstate 40. This concentration of
truck traffic on the southern routes matches the concentration of rail
intermodal traffic on the Southern Corridor. Both traffic concentrations
are attributable to fhe large Southern California population, the large
amount of foreign trade through Southern California ports, and the massive
agricultural produCtion of the Soufhern California growing'areas. The role
of agricultural commodities.is‘especia11y apparent in the greater number of
refrigerated trucks. Even within the dry van category, agricultural and
food products account for roughly 20 percent of the eastbound Toads. As
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Table 1

RELEVANT TRANSCONTINENTAL TRUCK TRAFFIC

ANNUAL VOLUME ESTIMATES

TO AND FROM CALIFORNIA:

Via East/Southbound West/Northbound

DRY VANS

Rock Springs 86,472 78,960

Eloy 212,748 189,396

Gallup 209,016 286,299

Redding 173,364 201,156
Subtotal 681,600 755,811
REFRIGERATED VANS

Rock Springs 76,308 65,736

Eloy 277,704 277,500

Gallup 197,256 205,716

Redding 114,420 155,844
Subtotal 665,688 734,796
CALIFORNIA TOTAL 1,347,288 1,490,607

TO AND FROM OREGON AND WASHINGTON:

Dry Vans

Rock Springs 67,080 79,128
Refrigerated Vans

Rock Springs 91,572 68,316
Subtotal 158,652 147,444
WEST COAST TOTAL 1,505,940 1,638,051

Total

165,432
402,144
495,315
374,520

1,437,411

172,044
555,204
402,972
270,264

1,400,484

2,837,895

146,208

159,888

306,096

3,143,991



expected, Oregon/Washington dry van and reefer totals are much smaller than
those for California. For Oregon and Washington dry vans exceed reefers.
The eastbound and westbound (or northbound and southbound) truck traffic
totals are very closely balanced, especially compared to rail intermodal
traffic. For all practical purposes, truckers do not make empty transcon-
tinental trips.

3. Rail and Truck Traffic Flows

Rail/Truck Comparisons. The rail and truck data were combined on the same

geographic basis. The rail and truck data are given in Tablte 2, each in
units and net tons. The rail data include trailers, containers, and
selected boxcar movements. The flows originating in the Northwest and in
California show more total rail tons than truck tons, largely a consequence
of including selected boxcar traffic (namely lumber, paper, and other
forest products). Westbound rail flows from the Upper Midwest (which
includes Chicago) exceed truck flows, and by a large margin to the North-
west; the other westbound flows are dominated by trucks. Overall domina-
tion by trucks is consistent with national market shares and long-standing
trends. The much greater rail penetration of the Upper Midwest-to-North-
west market is likely due to the increase in exports through Northwest
ports, and the effectiveness of double-stack backhaul solicitation. Table
2 also shows clearly that refrigerated truck movements would be a major
potential market for double-stack service if a highly reliable and cost-
effective system for double-stack refrigeration can be developed.

Traffic Patterns. Figure 7 showed the rail traffic flows previously

identified as being relevant to the study. Figure 8 showed the Tong-haul,
inter-regional truck flows, previously identified as 1ikely to be relevant,
allocated to the same rail corridors. (Neither map shows the volumes
associated with individual railroads or their routes.) Some features are
immediately apparent. First, the major intermodal routes in the western
states correspond closely to the major truck flows. Second, relatively
‘little truck traffic shows up in the eastern rail corridors. Third, rail
intermodal traffic is heavily concentrated in a few midwestern hubs,
notably Chicago, while truck traffic is more diffuse. The truck corridor
between Chicago and New York would be much denser if truck traffic, like
rail traffic, were funneled through the Chicago gateway.
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ALK ASSOCIATES INC. PAGE 1

COMPARISON OF TRUCK VERSUS RAIL DATA BY TRAM REGION
TRUCK DATA SOURCE: TRAM MONTHLY SURVEY EXPANDED TO ANNUALIZED VOLUMES
RAIL DATA SOURCE: 1987 ICC CARLOAD WAYBILL SAMPLE INTERMODAL AND BOXCAR EQUIVALENTS

————————————— TRAM TRUCK DATA ~—==——=———=-- -~—--—-— RAIL DATA -----

TRAM 12 MO DRY VANS TRAM 12 MO REFERS EXPANDED 1987 WAYBILL
ORIGIN DESTINATION = = =  ====---—-—---oss-—-se || seeemecm—cco—mmmm—em | e e e s s
REGION REGION UNITS NET TONS UNITS NET TONS UNITS NET TONS
NORTHWEST NORTHWEST 0 0 0] 0 68,936 1,210,996
NORTHWEST CALIFORNIA 135,585 2,420,471 82,240 1,718,670 113,157 2,610,116
NORTHWEST MOUNTAIN STATES 13,176 245,514 15,956 311,240 38,173 779,504
NORTHWEST LOWER MIDWEST 17,019 291,443 34,759 727,747 67,343 1,342,680
NORTHWEST UPPER MIDWEST 23,058 440,471 32,976 665,521 212,520 3,802,870
NORTHWEST SOUTHEAST 3,294 60,116 15,061 315,455 33,113 697,000
NORTHWEST MID ATLANTIC 8,784 150,100 22,394 444,393 34,559 662,748
NORTHWEST NORTHEAST 12,627 231,517 39,785 784,311 57,684 1,202,320
NORTHWEST creccscsctsnesann 213,543 3,839,632 243,171 4,967,337 625,485 12,308,234
CALIFORNIA NORTHWEST 117,990 1,987,463 96,074 1,948,997 30,084 526,852
CALIFORNIA CALIFORNIA 15,934 232,745 7,643 140,277 52,573 1,013,436
CALIFORNIA MOUNTAIN STATES 63,174 910,025 47,458 937,810 69,591 1,265,824
CALIFORNIA LOWER MIDWEST 194,756 3,008,522 110,758 2,162,383 228,064 3,955,670
CALIFORNIA UPPER MIDWEST 121,283 1,972,826 98,915 1,964,981 365,737 6,149,001
CALIFORNIA SOUTHEAST 74,350 1,196,358 59,427 1,206,014 56,719 1,028,384
CALIFORNIA MID ATLANTIC 55,710 988,916 54,733 1,112,632 67,246 1,175,968
CALIFORNIA NORTHEAST 95,494 1,441,512 123,383 2,450,214 78,218 1,447,840
CALIFORNIA crecsececresssenane 738,691 11,738,367 598,391 11,923,308 948,232 16,562,975
MOUNTAIN STATES NORTHWEST 9,882 175,436 24,589 488,798 38,040 739,228
MOUNTAIN STATES CALIFORNIA 39,138 674,799 62,607 1,245,586 50,123 928,742
MOUNTAIN STATES......cccaceccean 49,020 850,235 87,196 1,734,384 88,163 1,667,970
LOWER MIDWEST NORTHWEST 29,646 421,526 54,779 1,071,046 45,666 721,920
LOWER MIDWEST CALIFORNIA 164,085 2,497,525 158,711 3,135,054 240,903 4,391,051
LOWER MIDWEST ....cccccececscce 193,731 2,919,051 213,490 4,206,100 286,569 5,112,971
UPPER MIDWEST NORTHWEST 21,960 325,919 36,915 664,213 179,845 2,009,472
UPPER MIDWEST CALIFORNIA 153,466 2,290,970 131,264 2,455,447 337,463 5,251,848
UPPER MIDWEST ....cccccsececses 175,426 2,616,889 168,179 3,119,660 517,308 7,261,320
SOUTHEAST NORTHWEST 5,490 106,919 12,183 218,805 12,608 225,280
SOUTHEAST CALIFORNIA 61,031 984,150 46,856 852,233 38,968 725,373

Table 2



ALK ASSOCIATES INC.

RAIL DATA SOURCE:

COMPARISON OF TRUCK VERSUS RAIL DATA BY TRAM REGION
TRUCK DATA SOURCE: TRAM MONTHLY SURVEY EXPANDED TO ANNUALIZED VOLUMES

TRAM 12 MO DRY VANS

TRAM TRUCK DATA

TRAM 12 MO REFERS

1987 ICC CARLOAD WAYBILL SAMPLE INTERMODAL AND BOXCAR EQUIVALENTS

RAIL DATA

PAGE 2

EXPANDED 1987 WAYBILL

ORIGIN DESTINATION = = =  =—scmmmmm—mmmmccee | e mmemmmmem
REGION REGION UNITS NET TONS UNITS NET TONS UNITS NET TONS
SOUTHEAST e eeeeeeeeeeaeaen 66,521 1,091,069 59,039 1,071,038 51,576 950,653
MID ATLANTIC NORTHWEST 13,725 181,365 25,534 427,429 21,586 285,720
MID ATLANTIC CALIFORNIA 94,375 1,454,312 75,508 1,218,668 63,242 1,015,620
MID ATLANTIC  teevvecececennens 108,100 1,635,677 101,042 1,646,097 84,828 1,301,340
NORTHEAST NORTHWEST 9,333 124,734 26,167 447,267 4,798 76,620
NORTHEAST CALIFORNIA 93,738 1,370,624 97,639 1,719,253 37,112 554,040
NORTHEAST e ecceesenacnas 103,071 1,495,358 123,806 2,166,520 41,910 630,660
cecsssesesstcenenasssssesasssses 1,648,103 26,186,278 1,594,314 30,834,444 2,644,071 45,796,123

Table 2



Figure 9 presents rail and truck traffic volumes on the same scale. The
funneling of rail traffic and the diffusion of truck traffic are both
immediately apparent. It is also apparent from Figure 9 that rail inter-
modal services have achieved (or could achieve, in the case of relevant
boxcar traffic) a significant share of the transcontinental market in the
western states.

In the northernmost corridor, rail has the major share. This interpreta-
tion is consistent with NMTDB information from the field, where relevant
truck traffic on Interstates 90 and 94 was found to be very light. It must
be noted, however, that the Central Corridor serves some of the same
traffic flows. In the Central Corridor, rail has more of the eastbound
market than of the westbound, which may reflect the rail movements of
containerized imports. The Central Corridor branches in Utah (with Union
Pacific lines to Southern California and the Pacific Northwest) and in the
Midwest (with Union Pacific and SP/DRGW routes to Kansas City and St.
Louis), making its flows considerably more complex.

There has also been significant market penetration in the Southern Corri-
dor, notably in the Chicago-Los Angeles market. Figure 9 indicates that
rail now carries the majority of the relevant traffic. Work by the AAR's
Intermodal Policy Division has confirmed that double-stack services have
indeed diverted substantial truck traffic in the major corridors. Figure 9
suggests, however, that there are large truck flows moving over Interstate
10 to and from California (and observed at the Eloy, Arizona collection
point) in which there has been relatively 1ittle rail intermodal penetra-
tion. Both rail and truck flows branch out from this corridor, with the
larger flow serving the Midwest and points east.

The general match between rail and truck flows in Figure 9 confirms the
relevance of the selected truck flows for competition with existing inter-
modal services.

Traffic Balance. One recurring issue in intermodal transportation of all
kinds, especially double-stack movements, is traffic balance. Table 3
shows the ratios between eastbound and westbound units for dry vans, reefer
vans, and rail. Ratios near 1.0 (ranging perhaps from 0.8 to 1.2) indicate
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1987 Truck And Rail Unit Volumes

Source: TRAM Truck Survey And 1987 ICC Waybill Sample
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Tabie 3

1987 Truck and Rail Traffic Balance Ratios

(Units)
Ory Vans Reefer Vans Rail
Units Units Units
Northwest Eastbound Westbound Ratio Eastbound Westbound Ratio Eastbound Westbound Ratio
Mountain States 13,176 9,882 .3 15,956 24,589 8.6 38,173 38,040 1.0
Lower Midwest 17,019 29,646 0.6 34,759 54,779 0.6 67,343 45,666 1.5
Upper Midwest 23,058 21,960 1.1 32,876 36,915 0.9 212,520 179,845 1.2
Southeast 3,24 5,490 0.8 15,061 12,183 1.2 33,113 12,608 2.6
Mid AtTantic 8,784 13,725 0.6 22,394 25,534 0.9 34,559 21,586 1.6
Northeast 12,827 $,333 1.4 39,785 26,167 1.5 57,684 4,798 12.0
Total 77,958 90,036 7.9 160,931 180, 167 0.9 443,392 302,543 1.5
California
Mountain States 63,174 39,138 1.0 47,458 62,607 0.8 69,591 50,123 1.4
Lower Midwest 194,756 164,085 1.2 110,758 158,711 0.7 228,064 240,903 0.9
Upper Midwest 121,283 153,466 0.8 98,915 131,264 0.8 365,737 337,463 1.1
Southwest 71,350 61,031 1,2 59,427 46,856 1.3 56,719 38,968 1.5
Mid Atlantic 55,710 94,375 0.6 54,733 75,508 0.7 67,246 63,242 1.1
Northeast 95,494 93,738 1.0 123,383 97,639 1.3 78,218 37,112 2.1
Total 601,767 605,833 1.0 494,674 572,585 0.9 865,575 767,811 1.1



relatively close balance between movements in the two directions. As the
ratios move farther from 1.0, balance becomes a serious issue. At a ratio
of 1.5, 50 percent more units are moving eastbound that are returning
westbound.

The ratios indicate that rail traffic flows often have a worse balance
problem than truck flows. Four of the six Northwest flows follow this
pattern, as does the Northwest total. The California flows are more evenly
balanced for both rail and truck. The rail flows between California and
the Northwest are severely imbalanced, most likely due to the heavy south-
bound movements of Tumber, paper, and other forest products in boxcars,
which then return empty.

Table 3 illustrates what intermodal operators must confront: rail has
become the mode of imbalance. Within overall traffic flows that one, by
nature, imbalanced, motor carriers have extracted the balanced portion. As
noted earlijer, truckers do not make empty transcontinental hauls: railroads
make them. '

4. Qceanborne Freight Movements

Methodology. The Bureau of the Census trade data identifies shipments as
being Containerized, Not Containerized, or Unknown (if containerized). For
this study, all shipments identified as being containerized were retained,

and the containerizable portion of the "Unknown" shipments was estimated

using Manalytics' proprietary containerizability factors. Thus, the data
presented here consist of those shipments reported by the Bureau of the
Census to be containerized, and the portion of unknown shipments estimated
to be containerizable.

TEU and FEU Estimates. The Bureau of the Census data give weight informa-
‘tion in pounds, which were converted to short tons (2000 pounds) for easy

comparison with rail and truck data. The source data do not, however,
include either a container count or an indication of container size, so the
twenty-foot equivalent units (TEU) and forty~foot equivalent units (FEU)
corresponding to the weights reported in the Census data were estimated.
The basis for these estimates is Manalytics' proprietary database of
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historical 20-foot and‘40-foot_container loadings, which gives conversion
factors in tons/TEU!énd foﬁs/FEU for all of the relevant commodities and
trades. It must be emphasized that the TEU and FEU estimates were separate-
ly derived: as the tables will reveal, the FEU estimate is not half the

TEU estimate.

The twenty-foot equivalents (TEU) and forty-foot equivalents (FEU) shown on
the tables should be interpreted as estimates of the number of 20-foot (or -
;40-foot) contaiﬁers required to carry the total tonnage. Were the entire
‘movement to befcar?ied in only 20-foot containers (or only 40-foot contain-
_ers), then the TEU (or FEU) figure would be an estimate of the actual '
number of containers. Since, the various commodities and trades are
“carried in a mix of container sizes, neither the TEU estimate nor the FEU
estimate can be expected to correspond to the actual container count, which
would Tikely fall somewhere between them. No attempt has been made to
account for the variations in size between 35', 40', and 45' containers, or
‘for the difference in 8', 8'6", 9*, and 9'6" container heights.

Ports and port groups are defined in Appendix Tables 3 and 4. Some of the
‘major ports (such as New York) include adjacent regional ports (such as

- Newark, NJ) where the region effectively functions as a single part of

- origin or destination. The Appendix tables also give an exhaustive Tist of
the countries and 3-digit Census Bureau country codes combined in the six
major foreign trade regions used in the table.

Foreign Trade. Appendix Table 5 summarizes the containerized foreign trade
data gathered by the Bureau of the Census for 1986 and 1987, in terms of
short tons (2000 pounds), twenty-foot equivalent units (TEU) and forty-foot
equivalent units (FEU). The first portion aggregates data for the four U.S.
coasts (Atlantic, Gulf, Pacific, and Great Lakes) and Hawaii/Alaska/ Puerto
Rico. As expected, very Tittle containerized liner cargo moves through the
Great Lakes ports. The remaining pages give the traffic volumes at major
ports (such as Boston, New York, and Philadelphia) or among major port
groups (such as Houston/Galveston and Long Beach/Los Angeles). Minor
container ports are grouped into regional categories (such as other Delaware
River Ports). Traffic for each port or region is broken down by foreign
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Table 4

1987 IMPORT/EXPORT SUMMARY
By Coast and Inland Region

Weekly Week 1y
Iimport Train Export Train
FEUs Equivalents FEUs Equivalents
** Atlantic
California . 37929 3.8 2657 0.3
Lower Midwest 17836 1.8 7729 0.8
Mid Atlantic 81992 8.2 115575 11.6
Mountain- 4258 0.4 2284 0.2
Northeast 571910 57.2 86542 8.7
Northwest 4994 0.5 1180 0.1
Southeast 89750 9.0 103014 10.3
Upper Midwest 87355 8.7 34095 3.4
*¥* Subtotal *¥
896024 89.6 353076 35.3
** Great Lakes )
California 10 0.0 18 0.0
Lower Midwest 69 0.0 150 0.0
Mid Atlantic 29 0.0 "8 0.0
Mountain 1 0.0 137 0.0
Northeast 275 0.0 26 0.0
Northwest 4 0.0 35 0.0
Southeast 17 0.0 17 0.0
Upper Midwest 885 0.1 1735 0.2
** Subtotal **
0.1 2126 0.2

1290

Source: Bureau of the Census



Table 4

1987 IMPORT/EXPORT SUMMARY
By Coast and Inland Region

Week 1y Weekly
import Train Export Train
FEUs Equivalents FEUs Equivalents
¥k  Gulf
California 6741 0.7 6190 0.6
Lower Midwest 23824 2.4 92649 9.3
Mid Atlantic 2428 0.2 5607 0.6
Mountain 2725 0.3 4904 0.5
Northeast 30969 3.1 4193 0.4
Northwest 801 0.1 519 0.1
Southeast 43133 4.3 44156 4.4
Upper Midwest 9815 1.0 4991 0.5
*% Subtotal **
120436 12.0 163209 16.3
¥ Pacific
California 328976 32.9 161752 16.2
Lower Midwest 67382 6.7 53192 5.3
Mid Atlantic 34143 3.4 14604 1.5
Mountain 14975 1.5 21793 2.2
Northeast 294413 29.4 9936 1.0
Northwest 34594 3.5 116182 11.6
Southeast 24308 2.4 15564 1.6
Upper Midwest 153375 15.3 37972 3.8
¥* Subtotal **
952166 95.2 430995 43.1
¥%% Total **x%
1969916 197.0 949406 94.9

Source: Bureau of the Censué



Import
FEUs

**¥ California

Atlantic 37929
Great Lakes 10
Gulf 6741
Pacific 328976
**% Subtotal **
: 373656
** | ower Midwest
Atlantic 17836
Great Lakes 69
Gulf 23824
Pacific 67382
** Subtotal **
109111
** Mid Atlantic
Atlantic 81992
Great Lakes 29
Gulf 2428
~ Pacific 34143
*¥*¥ Subtotal **
118592
¥* Mountain
Atlantic 4258
Great Lakes 1
Gulf 2725
Pacific 14975
¥* Subtotal **
21959

Table 5

1987-IMPORT/EXPORT SUMMARY
By Inland Region and Coast

Weekly
Train
Equivalents
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Table 5

1987 IMPORT/EXPORT SUMMARY
By Inland Region and Coast

Weekly ‘ Weekly
import Train Export Train
FEUs Equivalents FEUs Equivalents
** Northeast :
Atlantic 571910 57.2 86542 8.7
Great Lakes - 275 0.0 26 0.0
Gulf : 30969 3.1 4193 0.4
Pacific 294413 29.4 9936 1.0
*¥* Subtotal *% -
897567 89.8 100697 - - 10.1
*¥*¥ Northwest ' ,
Atlantic 4994 0.5 1180 0.1
Great Lakes 4 0.0 35 0.0
Gulf 801 0.1 519 0.1
Pacific 34594 - 3.5 116182 11.6
*¥*% Subtotal *#*
' 40393 4,0 117916 11.8
¥* Southeast
Atlantic 89750 9.0 103014 10.3
Great Lakes 17 0.0 17 0.0
Gulf 43133 4.3 44156 4.4
Pacific - 24308 2.4 15564 1.6
*¥* Subtotal **
157208 15.7 162751 16.3
**¥  Upper Midwest
Atlantic 87355 8.7 34095 3.4
Great Lakes 885 0.1 1735 0.2
Gulf 9815 1.0 4991 ‘0.5
Pacific 153375 15.3 37972 3.8
*¥*¥ Subtotal **
251430 25.1 78793 7.9
*k% Totagl **kx
1969916 197.0 949406 94.9

Source: Bureau of the Census




origin (imports) or destination (exports) within the Import and Export
categories.

Coastal Trade Shares. Container trade is overwhelmingly dominated by the
Atlantic and Pacific coasts, as Appendix Table 5 shows. Atlantic coast

ports handled 43 percent of U.S. containerized tonnage, and Pacific ports
handled 44 percent. In 1987, the Gulf Coast still received major all-water
service from Asia, and handled roughly 12 percent of U.S. containerized
tonnage. Withdrawal of those services in late 1988 means that the Gulf
Coast container ports will handle primarily South American and Caribbean
traffic, with a small flow of European and African cargo. The Great Lakes
ports have never participated heavily in container movements, and handled
just 0.1 percent of the U.S. total.

The average weight of exports means that U.S. trade as a whole is more
strongly imbalanced in containers than in tons:

1987 U.S. Trade

Import Export Ratio
Tons 36,541,819 32,510,919 1.12:1
TEU 4,083,078 2,465,421 1.66:1
FEU 2,206,278 1,539,547 1.43:1

Although the relatively faster growth of exports will eventually balance
the container flow, the historic imbalances will persist in the short term.
The major drive for double-stack system expansion has come from Pacific
Coast container operators in the Far East and Southeast Asia trades which
have tréditiona]]y been imbalanced in favor of imports. The initial
impetus for domestic containerization came from the resultant westbound
backhaul capacity.

The overall Coastal FEU balances were as follows:

-27-



1987 FEU

Imports -~ Exports Excess Imports
Atlantic 984,237 552,533 431,704
Gulf 145,227 249,490 (104,263)
Pacific 1,044,471 S 714,216 330,255
Great Lakes 1,694 2,795 (1,101)
Hawaii, etc. 30,649 10,513 . 20,136

Origin/Destination State Data Coverage. One data issue that must be
addressed is the completeness and accuracy of origin/destination state

information within the Census data. There were many records with no origin
or destination state information at all. The invalid and blank state-
information are combined in an unknown ("?2") category. Records with
unknown origin or destination states accounted for 22 percent of total U.S.
import and export tonnage. The problem is far more serious for exports:
records comprising more than a third of U.S. export tonnage have no valid
origin state. The biggest problem is exports to East and South Asia, one
of the largest and fastest growing U.S. trades, in which more than 40
percent of the tonnage has records with no valid states of origin. Move-
ments via both the Atlantic and Pacific Coasts have similar coverage rates:
about 90 percent for imports but only 61-64 percent for exports.

The problem of identifying the origin state for export tonnage is most
serious at the largest ports: New York (47% coverage); Baltimore (66%
coverage); Charleston (56% coverage); New Orleans (63% coverage); Houston/
Galveston (69% coverage); Long Beach/Los Angeles (59% coverage); Oakland/
San Francisco (66% coverage); and Seattle/Tacoma (60% coverage). In other
words, there is no information on the origin state of one-third to one-half
the export tonnage at major ports.

Besides the coverage issue, census data shares the "headquarters bias" with
other import/export data: ‘the inland origin or destination is often given
as a corporate headoffice rather than the actual point of shipment or
receipt. This bias leads to uncertainty concerning the actual movement
pattern.
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Regional and Coastal Summaries. The observations above suggest that a

regional, rather than state approach to inland origins and destinations may
be useful in understanding the existing pattern and future potential of
double-stack service. The major intermodal hubs in Chicago, Kansas City,
St. Louis, Memphis, Atlanta, Dallas, Houston, New Orleans, New York, and
elsewhere are clearly serving origins and destinations beyond the
boundaries of their states. Accordingly, the regions shown in Figure 10
were defined. Each region, with the exception of California, includes two
or more states and is grouped around major urban clusters with intermodal
hubs. Coast and regional information is summarized in Tables 4 and 5.
These tables use FEU and "Weekly Train Equivalents" of 10,000 annual FEU
(200 FEU per train, 50 trains per year) to display the underlying pattern
of regional and coastal container movements.

B.  CURRENT DOUBLE-STACK SERVICES

1. Existing Double-Stack Services

As of December, 1989, there were over 100 weekly eastbound double-stack
departures from Southern California, Northern California, and the Pacific
Northwest. Until recently, the role of eastern railroads in double-stack
operations was to carry west coast trains between mid-continent gateways
and eastern destinations. Although continuations of western trains still
account for most eastern double-stack traffic, expansion of the double-
stack network has led eastern railroads to establish new double-stack
trains independent of their westerh counterparts.

Current Double-Stack Network. The current (late 1989) double-stack
network is shown in Figure 11. The combination of routes and hubs shown

in Figure 11 yields very extensive national coverage, enabling double-
stack trains to serve all major U.S. markets. As Figure 11 illustrates,
double-stack operations have begun to resemble a network of interlocking
movements rather than a collection of unrelated unit trains. This
development has greatly assisted double-stack operators in competing with
trucks, because it has created the service frequency and traffic density
needed to attract the business of demanding customers. The development
of a network has also extended double-stack service to several hubs that
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could not yet support dedicated hub-to-hub unit trains. In late 1989,
individual railroads operated the following double-stack services.

Burlington Northern. BN operates both dedicated and common-user dou-
ble-stack trains to and from the Pacific Northwest ports. The major

client for dedicated trains is Sea-Land, while numerous ocean carriers
use the common-user trains. BN also serves as a Kansas City - Chicago
connection for some SP trains from Southern California, and as a Avard -
Memphis connection for Santa Fe.

Santa Fe. Santa Fe currently operates one dedicated Southern California
double-stack train, for Hyundai. Departures are weekly from Los Angeles, -
and Santa Fe moves the train to Chicago. Santa Fe offers several daily
intermodal departures from Los Angeles which can and do carry
double~stacked containers on a common-user basis. Santa Fe's major
traffic lanes are Los Angeles - Chicago and Los Angeles - Houston/Dallas,
with service offered to all major intermediate points, notably Kansas
City. In Northern California, Santa Fe operates a weék]y dedicated train
from Richmond for Maersk.

Southern Pacific. SP operates double-stack trains from its Intermodal

Container Transfer Facility (ICTF) in Los Angeles. SP currently
schedules four daily eastbound common-user double-stack train departures
from the ICTF. These trains are destined for Chicago, Memphis, Houston,
and interchange with Conrail at St. Louis. Three daily westbound trains
to Los Angeles depart from Pine Bluff, New Orleans, and a BN interchange
at Kansas City. SP operates a daily dedicated train for Sea-Land to
Memphis and three weekly trains to New Orleans and Chicago. There are
two dedicated NYK trains from L.A. on SP for St. Louis and Chicago.
Mitsui (MOL) has two dedicated departures on SP to serve Chicago, St.
Louis, and Memphis. SP operates three weekly dedicated trains from the
ICTF for Evergreen for Chicago, New Orleans, and Memphis. On the
Southern Corridor, SP originates six weekly trains for American President
Intermodal: three operate via Houston to New Orleans for interchange with
Norfolk Southern to Atlanta; and three to Memphis via Dallas. SP has
thirteen scheduled weekly eastbound departures for ESI, the domestic
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subsidiary of OOCL that solicits traffic from other ocean carriers as
well.

SP thus schedules about 57 weekly double-stack departures from the Los
Angeles ICTF. The actual number of trains may vary depending on which
scheduled departures are combined as a single train, and whether heavy
traffic requires extra trains for some schedules. While the dedicated
trains operated for steamship companies generally consist of only dou-
ble-stack cars, the SP common-user trains may also carry containers or
trailers on conventional cars as required.

SP is also offering common-user double-stack service to and from Oakland
via the Central Corridor over the Sierra Nevada.

Union Pacific. A1l double-stack trains on UP are dedicated trains, with

the major customer being API. From Los Angeles, UP operates seven weekly
API trains. Six terminate in Chicago and one goes on to South Kearny via
Conrail. From Oakland, UP originates three weekly API trains to Chicago,
which include pickups at Stockton and Sacramento. Connecting services,
not full trains, are operated from Fresno. From Seattle, UP originates
three weekly API trains, all to Chicago. Altogether there are thirteen
API departures from West Coast ports on UP. Westbound, UP operates seven
weekly multi-destination API trains originating on CNW at Chicago. These
trains serve different mixes of API service points in the West. There
are also three short-distance API movements, not full trains, westbound
from Salt Lake City to Los Angeles on UP. Four weekly API trains move
from Chicago via CNW and UP directly to Los Angeles. From Chicago via
CNW, UP moves API domestic double-stacks to Dallas, Houston, San Antonio,
and Laredo.

UP operates three other weekly double-stack trains. There is a weekly
"K" Line train departing Long Beach to Chicago and New York (via CNW and
CR). Another weekly "K" Line train operates from Tacoma to Chicago and
returns westbound through Portland. The last dedicated UP stack train is
operated for Maersk, departing Tacoma weekly for Chicago and return.
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Although UP does not offer "common-user" double-stack service as such, UP
does operate daily intermodal trains from Los Angeles, Oakland, and
Seattle that can carry containers on conventional equipment. Moreover,
API solicits traffic from other ocean carriers and third parties for its
double-stack trains operating over UP.

Conrail. Conrail connects with the western railroads at Chicago and East
St. Louis, and interchanges both entire double-stack trains and blocks of
double-stack cars at both points. Solid trains are operated either on
their own schedules or as sections of regular intermodal trains. Blocks
of double-stack cars are added to Conrail's "TrailVan" intermodal trains.

Conrail handles API's traffic between eastern cities and the CNW inter-
change at Chicago. API schedules three weekly departures from South
Kearny to Chicage. In Chicago, these trains connect with API's west
coast services via UP/CNW. Eastbound, API schedules just one complete
weekly train between Los Angeles and South Kearny, which travels over
Conrail east of Chicago. Conrail, however, also handles API double-stack
traffic on regular TrailVan trains between Chicago and South Kearny six
days per week. Also from the UP/CNW cornection at Chicago, Conrail
handles weekly Chicago-New York trains for Maersk and "K" Line. Conrail
receives weekly NYK and MOL double-stack trains from Soo Line at Chicago.
These trains originate on SP in Southern California.

At East St. Louis, Conrail receives a block of MOL double-stack cars from
SP (SSW). These cars are moved to Columbus, Ohio, to serve the nearby
Honda plant at Marysville. The cars continue on to New York, where they
are combined with the Chicago-New York MOL cars for the trip back west.

CSX. CSX handles the eastern rail operations of Sea-Land trains. The
major movements are 3 weekly trains operating between Chicago (from SP
and BN) and CSL's intermodal terminal at Little Ferry, New Jersey. . CSX
actually operates the trains between Chicago and Buffalo, where they are
interchanged with the Delaware & Hudson. The D & H moves the trains to
Binghamton, NY, where they are interchanged with the New York, Susquehana
& Western for the last leg into Little Ferry. CSX also operates several
other routes for Sea-Land: Chicago-Atlanta (2 per week); Chicago-Port"
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Covington (Baltimore); New Orleans-Charleston (as part of CSX's daily
Gulfwind); and New Orleans-Jacksonville (with conventional interchange to
FEC for Miami). Besides the Sea-Land traffic, CSX moves a portion of
NYK's weekly east-west train between the SP interchange in East St. Louis
and Cincinnati. CSX's Chicago-Baltimore service was originally begun by
the Chessie System under an arrangement with the State of Maryland.

Norfolk Southern. NS moves API's traffic south of the Chicago-New York
corridor. This includes Chicago-Atlanta service. NS also interchanges

Atlanta-Los Angeles trains with SP at New Orleans, with a connection to
Charlotte. For "K" Line and Maersk, Norfolk Southern presently operates
two weekly round trips between Chicago and Welland, Ontario. For Hanjin,
Norfolk Southern handles a weekly movement between BN at Chicago and NYSW
at Buffalo (destination Secaucus, New Jersey). Maersk added service
between Chicago and Montreal in early 1989, with NS to move the trains
through Buffalo.

Regional Railroads. GTW.moves API double-stack traffic between Chicago

and Woodhaven, 18 miles from Detroit. Chicago and North Western provides
UP and its customers with a vital connection between Fremont, Nebraska

and Chicago. All of UP's dedicated trains for API, Maersk, and "K" Line
use this route. Soo Line provides SP with a Kansas City-Chicago
connection for those clients not using the BN connection. Iowa Interstate
(IAIS) operates a domestic double-stack service for Interdom, Inc., for
which Maytag Appliance provided the original start-up traffic. IAIS
operates over a combination of its own trackage and trackage rights between
Blue Island, I11inois and Council Bluffs, Iowa, providing daily service in
the Chicago-Los Angeles corridor in conjunction with UP and CNW. Montana
Rail Link handles some double-stack trains to or from connecting roads.
The New York, Susquehana & Western (NYSW) was for several years the only
regional railroad involved in double-stack traffic, carrying Sea-Land
trains between Binghamton, New York and Little Ferry, New Jersey on a
combination of NYSW's own trackage and trackage rights over Conrail. The
Delaware-Hudson handles Sea-Land trains between Buffalo and Binghamton.
Kansas City Southern handles a double-stack movement of imported coffee
from New Orleans to the Midwest.
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IC, and the remaining portions of the Guilford System (BM, MEC) do not now
participate in double-stack movements. IC formerly provided a St. Louis-
Chicago Tink for some SP double-stacks that have since switched to BN or
Soo routes.

None of the other "new" regional railroads carries regular double-stack
traffic. This is not surprising, since these regional railroads were
formed from trackage sold by the Class I carriers, which is unlikely to
include major intermodal corridors or hubs.

2. Backhaul Arrangements

Double-stack service depends, 1ike all transportation services, on utiliza-
tion. Utilization in turn depends on the ability to fill equipment with -
revenue-producing loads in both directions. Early double-stack services
were based on international traffic, which has had a strong imbalance of
imports over exports that placed a premium on the ability of carriers to
attract westbound domestic or export backhaul freight. Although the
increase in domestic container movements and the growth of exports has.
somewhat diminished the importance of backhaul freight, many of the arran-
gements made to solicit backhauls are still in place and will play a role
in the further development of double-stack service wherever corridor flows -
are imbalanced -- and that means almost all corridors.

There are two basic approaches, the first typified By API's system. The
underlying economies of American President's program are controlled in part
by the terms of API's contract with Union Pacific. A]though the actual -
terms are proprietary, the key features are: ’

0 pass-through of equipment costs, giving API the incentive for
high utilization;

0. a round-trip rate, obligating APl to pay for the movement of
. containers in both directions; and

o a relatively low "additive" rate for loads (rather than empties)
in the Tight direction.
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It is thus: in the interest of both API and UP to fill the containers with
backhaul freight. The "additive" rates give a fixed cost to API above
which any backhaul revenue is net.

A second basic approach was taken by BN, ATSF, and SP. The ocean carriers
from which these railroads were soliciting traffic did not buy domestic
shippers' agents or make comparable investments in their ability to solicit
westhound freight. BN, ATSF, and SP reached various agreements to "buy
back" portions of the westbound capacity of the proposed trains, and to
solicit the freight themselves.

This arrangement is implemented through a charge for moving empty con-
tainers, a charge for moving containers with ocean-carrier loads, and a
different "management fee" for returning a container with a railroad-soli-
cited load. The "management fee" is usually significantly less than the
charge for moving an empty container, and the railroads typically agree to
return the container to the West Coast within 30 days (which is often
faster than the ocean carriers can get it back by themselves). Ocean
carriers are thus encouraged to solicit exports through their own sales
force, and to turn over the remaining empty containers to the railroad.

C. RAIL DOUBLE-STACK TECHNOLOGY

1. The Intermodal Fleet

The composition of the rail intermodal car fleet is changing rapidly. As
shown in Table 6, there has been a massive increase in the double-stack
fleet but a much smaller increase in the third-generation TOFC car fleet.
The existing fleet of first and second generation TOFC and COFC cars is
dwindling, and a much larger proportion of total intermodal capacity is
devoted to containers, and specifically to double-stacks.

Double-Stack Cars. A dramatic change occurred in intermodal car design
with the introduction of double-stack cars. As noted eariier, between 1977
and 1981 Southern Pacific and ACF developed and built the first double-
stack cars. The SP/ACF cars use bulkheads to secure the containers.
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Table 6

INTERMODAL FLEET

Third Generation Cars

Total Conventional Trailer Double- Road-

Spaces* Cars Cars Stacks Railers
1983 110,000 109,000 200 400 300
1984 i12,000 109,000 700 2,000 300
1985 119,000 109,000 2,900 7,000 300
1986 118,000 102,000 3,100 13,000 300
1987 116,000 93,000 4,800 18,000 1,400
1988 118,000 88,000 5,800 24,000 2,300
1989 120,000 79,000 9,000 30,000 2,300

* Units are trailer or container spaces or slots.

Source : Greenbrier Intermodal



In 1984, American President Lines placed its first double-stack cars in
service. They were built by Thrall and designed by Budd. A major feature
of these cars was the use of interbox connectors (IBCs) to lock the contain-
ers in position. The original cars had 40-foot wells. Starting in 1985,
Thrall produced new well lengths to accommodate 48-foot containers, al-
though they could already be carried on the top layer. The provision of
multiple attachment points on domestic containers of 48-feet and 53-feet
allows them to be stacked on top of 40-foot and 45-foot containers.

"Twin-Stack" bulkhead cars was introduced by FMC in 1984, and subsequent]y
built and marketed by Gunderson. No bulkhead cars have been produced since
1987. The need to accommodate larger containers and the desire to maximize
weight capacity have led Gunderson to re-design recent offerings as IBC ‘
cars, eliminating the bulkheads. These new designs are marketed as "Ma¥i-
Stack" cars. B

Trinity's double-stack cars are derived from a Youngstown "Backpacker"
prototype, using an IBC design. About 300 Trinity cars had been delivered
to Trailer Train and BN.

Table 7 compares the principal features of six different double-stack
"models" built by Gunderson, Thrall, and Trinity, and the comparable
specifications of the Trailer Train "spine car" (as built by Trinity).
Several points are immediately apparent:

0 bulkhead cars (Gunderson Twin-Stacks) have a higher tare weight
and a lower net capacity than IBC cars;

0 total Tength grows with the ability to handle larger containers,
up to a point (the ability to place 53-ft. containers on the
upper level of 48-foot IBC wells entails no length penalty); and

0 all of the current double-stack designs have substantial tare
weight advantages over the spine car.

The specifications also show that the newest double-stack cars from the
three active builders are all very much alike. The Gunderson Maxi-Stack
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DOUBLE-STACK AND SPINE CAR COMPARISONS

Table 7

Bottom/Top
Container Lengths

Tare Pounds

Net Pounds

Overall

Per Platform Per Platform Length

Type
LO-PAC 2000 IBC
LO-PAC II IBC
Twin Stack Bulkhead
Maxi Stack IBC
Maxi StackII IBC
Backpacker-48 IBC

Spine Car -

40/14
40748
40/45
40/48
48/53
40/48
48/ --

Source: Trailer Train and Manufacturers.

30,050
37,000
34,000
35,400
36,800
32,400
26,120

100,000
122,000
100,000
124,000
122,000
102,500

67,200

266~1
267-5
265-1
265-1
289-8
267-2
251-7



11, the Thrall LoPac II 40/48, and the Trinity Backpaker-48, are all about
290 feet long, weight 36,000 - 38,000 1bs. per platform, and can accommo-
date 48-53 ft. containers.

Table 8 provides weight comparisons between several car types. The double-
stack cars offer significant advantages in net/tare ratio and in net tons
per coupled length. Simply put, double-stack cars are a more efficient
intermodal line haul vehicle.

2. Carless Technologies

Carless technologies seek to maximize rail linehaul efficiency by elim-
inating the railcar itself. This approach yields additional benefits in
the ease of Toading and unloading, and in minimizing the need for facility
investment.

The RoadRailer, in its various forms, is the most common carless technology
and the only one that has seen commercial application. Indeed, "Road-
Railer" is sometimes used as a generic term for carless technologies. The
primary advantages of RoadRailers are the reductions in tare weight com-
pared to TOFC technology, the elimination of a separate chassis, the
reduction in investment for railcars (although the Mark V requires an
investment in bogies), and greatly reduced facility cost. RoadRailers
themselves are expensive, however, relative to trailers: roughly $40,000
rather than $5,000. (Although the cost difference has been reduced with
RoadRailer's new "SST" model.) This greater capital expense creates
problems with railroad control over equipment that leaves the property, and
utilization becomes critical. RoadRailers are also at a tare weight disad-
vantage relative to trailers, although the Mark V version narrows the gap.
As Table 8 indicates carless technologies offer clear net-to-true advan-
tages over conventional TTX types, and a mixed comparison with double-
stacks.

The differences in terminal requirements can be dramatic. Double-stacks

require mechanical 1ift equipment and paved terminals capable of handling
long trains. Carless technologies require only a gravel surface and a yard
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Car Type

Standard TOFC,
2 45-Foot Vans

Front Runner
48-Foot Van

Impack
5 45-Foot Vans

Standard COFC

Spine Car
5 48-Foot Containers

Double-Stack IBC
5 45-Foot Containers
5 48-Foot Containers

Boxcar
70-Ton, 50'6"

RoadRailer
Mark V

Source: Manufacturers and Industry

Table 8

WEIGHT CAPACITY COMPARISONS

Net
Weight

Capacit
(Tbs.)
104,000

50,000

260,000
116,000

295,500

526,800
154,000

48,800

Total
Tare

Weight
TToe.}
93,600

40,000

190,000
83,800

195,000

267,250
66,000

16,200

Publications

Coupled Net/ Net Lbs.
Length Tare Per Foot
(ft.)

93-8 1.11 1,110
53-10 1.25 929
263-2 1.37 988

94-8 1.38 1,225
251-8 1.52 1,174
289-8 1.97 1,819

55-7 2.33 2,775

48-0 2.01 1,017



tractor. This difference may give the carless technologies an advantage in
Tow-volume corridors.



ITI. CRITERIA FOR- DOUBLE-STACK:- OPERATIONS

A. DOUBLE-STACK SERVICE CRITERIA

One of the central tasks in this study is the identification of potential
corridors for domestic double-stack service, with and without international
traffic. The double-stack train will travel hub-to-hub, and railroad
involvement will extend gate-~to-gate, but double-stack service must extend
door-to-door, and be judged by door-to-door standards. To that end,
criteria were established for each of the major features of double-stack
service (cost being considered separately):

Dedicated vs. mixed trains;
Train length;

Service frequency;

Transit time;

Length of haul; and
Traffic volume;

© o O O O o

These criteria are not intended to describe every conceivable double-stack
service, nor to imply that every double-stack service that meets them will
be successful. Rather, they are intended to describe service features
associated with likely corridors for near-term domestic double-stack

services, and to provide insight into the competitive nexus between double-
stack rail services and truck services.

1. Volume, Train Length, and Service Frequency

Operating Methods. There are three possible operating methods for imple-

menting domestic rail container service:
a) as double-stack train service in high-volume corridors;
b) as part of existing intermodal train s?rvice, using
double-stack cars;

c) as part of existing intermodal train service using standard
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intermodal cars or spine cars (i.e., as COFC service).

In recent years, double-stack operations have been increasingly integrated
with other rail intermodal operations, and a "double-stack train", except
for dedicated trains tied to ship arrivals, may include other car types.
Where sufficient volume is not available to run full double-stack trains,
blocks of double-stack cars are added to existing intermodal trains.

Dedicated Double-stack Trains vs. Mixed Double-stack Service. The first
double-stack services were provided only on dedicated double-stack unit
trains. This image of double-stack service has been reinforced by press

releases announcing new trains and services, and by publicity photographs
showing solid trains of identical double-stack cars and containers. This
image is inaccurate. Beginning with the introduction of common-user trains
and other operations catering to customers with less-than-trainload volumes,
double-stack cars were mixed with other intermodal cars or even with
non-intermodal freight cars. Railroads continue to mix intermodal car

types to even out traffic peaks and valleys.

Dedicated double-stack trains are not necessary for double-stack service.

A double-stack train is easily defined: a train consisting solely of
double-stack cars and locomotives, with or without a caboose. Double-stack
service is equally easy to define: "regular movement of double-stack
cars," or "the opportunity for rail customers to ship containers on double-
stack cars." Neither definition of double-stack service requires the
existence of all-double-stack trains. A distinction must be made, however,
between double-stack services scheduled for ocean carrier traffic (which
may carry some domestic traffic) and double-stack services intended to
compete in the long term for domestic rail and truck traffic. Several
existing intermodal corridors have only 1-2 double-stack trains per week,
each scheduled to complement ocean carrier operations. These trains may
indeed attract some opportunistic domestic traffic, but they will not be
long-term competitors for motor carriers.

Single-Line vs. Interline Service. Single-line service (1ine-haul move-

ments over one railroad, or one commonly owned railroad system) is prefer-
red for truck-competitive domestic double-stack service. Single-line
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service places responsibility for service quality squarely on one organiza-
tion. Single-line service also eliminates any service delay, operating
cost, or administrative burden from interchanging cars between railroads.
Most double-stack services are single-line services at present. Interline
intermodal services are of three basic types: run-through services,
interchanges, and rubber-tired transfers. They are acceptable for truck-
competitive double-stack service to the degree that they resemble single-
1ine service.

In run-through service, entire trains are exchanged between railroads. The
best run-through services do not differ substantially from crew changes
taking place in single-line service. Well-managed run-through trains
should be fully competitive with single-Tine service. Run-through service
should not substantially increase operating costs. There may be some
disadvantage in the area of claims responsibility, since each railroad
would tend to blame the other for damage or delay.

Routine interchanges of individual cars or groups of cars between railroads
are too slow and unreliable for truck-competitive intermodal service.
Delays, additional handling, and fragmented responsibility all adversely
affect service quality. Of particular concern is the all-too-common case
where minor delays on one railroad become major delays when cars fail to
arrive in time for connecting trains. Although it is technically possible
to have a reliable, expeditious, low-cost interchange, it is rarely achieved
within the standards set for truck-competitive double-stack service.

In rubber-tired transfers, the trailer is unloaded, drayed across to a
second railroad terminal, and re-loaded to continue its trip. This is a
costly means of transfer, but it is often used by third-party shippers to
avoid more lengthy delays for routine interchange of TOFC cars. Rubber-
tired transfer is too costly, too unreliable, and fragments responsibility
too badly to be considered for truck-competitive domestic container ser-
vices.

Train Lengths., Maximum train length is primarily an operating decision

(although there are economic and service tradeoffs, which will be addressed
elsewhere). Length per se is a problem when it approaches, let alone
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exceeds, the length of available s1d1ngs which are needed to allow double-
stacks to meet or pass other tra1ns on the main line.

The first double-stack trains werévdf'fixed lTength, usually 20 five-plat-
form cars, and were operated on week]y ‘schedules. The shortest regularly
scheduled double-stack trains cons1st of 15 five-platform cars, carrying a
total of 150 FEU. The 1ongest regu]ar]y schedu]ed double-stack trains
consist of 28 five- p]atform cars, carrying a total of 280 FEU.

The first production double-stack cars were approximately 265 feet long. A
15-car train therefore would be roughly 4000 feet long, without Tocomotives.
This length is well within the siding 1ength common on heavily used main-
lines, and would rarely require new trackwork. In comparison, a 75-car
train of conventional COFC cars (which are 93 feet long over coupleﬁs);
which would also carry 150 FEU, would be nearly 7000 feet long. Second-
generation double-stack cars are roughly 290 feet long, and high-capacity
third-generation cars are 305 feet long. These lengths yield 15-car trains
of 4350 feet and 4575 feet, respectively, without Tocomotives. These
15-car trains would still fit in most ex1st1ng mainline sidings, which
typically range up to 6000 feet. '

With 265-foot cars, a 28-car train is 7400 feet long, exceeding the siding
lengths commonly found on high-density single-track mainlines. With
290-foot and 305-foot cars, 28-car trains would exceed 8100 feet and 8500
feet, respectively, without locomotives. These lengths would require even
greater efforts to extend sidings on single-track mainlines. There is a
discernible trend toward shorter double-stack trains to provide faster,
more frequent service, and to obtain more operating flexibility. Moreover,
many of the larger trains leaving major ports are split at some intermedi-
ate point into two shorter trains to serve two different inland destina-
tions.

For all of the above reasons, this study employs a 15-car, 150-FEU minimum,
and a 28-car, 280-FEU maximum train length. The annual container volume
required for such trains depends on the service frequency. Table 9 gives
annual one-way container (FEU) volumes corresponding to various service
frequencies for 15-car and 28-car trains.
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Table 9

ONE-WAY
ANNUAL CONTAINER VOLUMES FOR
DOUBLE-STACK SERVICES
(FEU per year)

Minimum Max imum

Service Frequency 15-car trains 28-car trains
Weekly 7,800 14,560

3 days/week 23,400 43,680

5 days/week 39,000 72,800

6 days/week 46,800 87,360

7 days/week 54,600 101,920

11 trains/week 85,800 160,160

2 trains/day 109,200 203,840



A fiVe-day—per-week schedule would allow double-stack service to compete
effectively for much, but not all, common-carrier truckload freight. Most
industrial customers, and the third parties that serve them, expect to ship
and receive freight five days per week, and they are unlikely to give
regular business to a double-stack service that offered less frequent
departures. Some current and potential intermodal customers require
service six days per week. Such customers include major sources of inter-
modal traffic: United Parcel Service, the U.S. Postal Service, and LTL
motor carriers, for example. Six days per week should be considered the
minimum service frequency for a truck-competitive domestic double-stack
service. The minimum annual volume to establish a truck-competitive
double-stack service would then be 46,800 units: the equivalent of a
15-car train, six days per week.

Significant reductions in hub dwell time, overall transit time, and cus-
tomer service can be achieved by providing two or more daily trains. Such
improvements are sometimes referred to as "service economies of scale":
overall service improves because the average wait between container arrival
at the origin hub and train departure (and vice versa at destination) is
reduced. In addition, service may be provided to an intermediate hub,
which daily trains do not serve. As Table 9 shows, however, the step from
daily service to twice-daily service is a long one.

Once double-stack service is established in a corridor, it should be
possible to offer double-stack service to and from intermediate points with
lower volumes, as long as the haul length meets other criteria. Such
points would most 1ikely be served by picking up and setting out cars,
rather than by loading or unloading containers while éars remained in the
train. A minimum feasible volume for service to an intermediate point
would therefore be one car, and would have to be provided at least five
days per week to compete for truck traffic, if not for UPS, Postal Service,
and LTL traffic. The minimum annual volume for service tb intermediate
points on an established or potential double-stack corridor thus would be
2,600 containers, the volume generated by a single five-platform car per
day, five days per week.
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2. International Versus Domestic Trains

The service criteria contemplate six-day-per-week service with trains of at
least 15 double-stack cars. A review of the likely pattern of
international and domestic traffic indicates that the available mixture
will lead railroads and their major customers to run mixed international
and domestic trains most of the time. There will be few operational
distinctions between international and domestic trains, and few trains will
be purely one or the other. The only trains that will remain purely
international are eastbound trains from the West Coast, and westbound
trains from the East Coast, that are scheduled to receive inbound
containers from specific vessel calls. Other trains from the coasts, even
those run for the domestic subsidiaries of ocean carriers, will carry a mix
of international and domestic containers that fluctuates according to the
daily traffic situation.

Both domestic and international movements follow what has been termed a
“transcontinental calendar". Wherever possible, departures are scheduled
to provide weekday arrivals at destination. Vessel calls in Southern
California, for example, are now clustered between Friday and Monday in
order to position intermodal containers for mid-week delivery in Midwest
markets. Eastbound international movements will therefore peak between
Friday afternoon and Monday morning. Domestic shippers, however, avoid the
weekends: eastbound domestic shipments generally begin Monday morning and
end Friday afterncon. The top half of Figure 12 illustrates this weekly
eastbound traffic pattern for Southern California.

Westbound traffic patterns are different. International export and empty
containers begin arriving at the rail terminal late Wednesday in prepara-
tion for Friday vessel calls, and to free up double-stack cars for priority
eastbound imports. Westbound exports and empty container movements taper
off Sunday and Monday, as vessel calls decline. Domestic arrivals increase
on Sunday for local delivery on Monday, and taper off later in the week:
Friday afternoon and evening arrivals would not be delivered until Monday,
and neither the railroads nor the shippers want to store loaded trailers.
The westbound pattern is shown in the bottom half of Figure 12.
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A comparison of the top and bottom of Figure 12 suggests that it would Be
inefficient, or even futile, to attempt to segregate international and
domestic linehauls completely in Southern California. To be sure, there
are multiple trains on most days, but those trains are divided between
three railroads. Achieving high utilization and low cost dictates that
arriving westbound cars be unloaded and reloaded with eastbound containers
as quickly as possible.

International and domestic containers generally will not be segregated on
separate trains. It appears much more likely that train operations will be

adapted to minimize transit times and maximize equipment utilization.

3. Start-up Threshold

Railroads are generally willing to start services with less than the volume
required for long-term viability if there is sufficient immediate business
to survive until volume grows, and if the railroad is confident that
business will grow to the long-term minimum within an acceptable length of
time. There are no concise criteria for such a decision, because the
decision to begin a service will depend on subjective assessments of:

] the potential market and potential profitability;

0 the availability of capital to start and support the service
until it reaches profitability;

0 the actions and likely reactions of competitors; and

0 the strategic plans of railroad executives.

With no means to derive an analytical criterion, this study uses a somewhat
arbitrary threshold start-up volume figure of 60'9ercent. It was judged
unlikely that railroads would routinely béﬁin operations with less than
half of the long-term minimum volume, yet setting a higher threshold might
unduly restrict the analysis of potential network developments and impacts.

For a new corridor, 60 percent of the 46,800-unit annual minimum volume is

28,080 units. For intermediate points, 60 percent of the 2,600-unit annual
minimum volume is 1,560 units.
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q, Double-Stack Stem and Dwell Times

To compete with door-to-door truckload service, a double-stack service must
complete five segments in the same time frame:

stem time from shipper to origin hub;
dwell time at origin hub;

hub-to-hub rail Tine-haul time;

dwell time at destination hub; and

o O © o O

stem time from destination hub to consignee.

Stem time. No hard data exist on the distribution of origin stem (drayage)
times. Some sources indicate that major intermodal hubs can draw traffic
from 250 or more miles away, for which the one-way stem time would be 4-6
hours. Such exceptionally long drayages would be justified only by the
longest line-hauls, and would have to take place in the direction of
travel: "with the grain”. One measure of the minimum stem time allowance
for a truck-competitive domestic double-stack service is the time required
to serve the ICC-defined "commercial zone" surrounding major metropclitan
cities. Most major commercial zones are 30 to 60 miles across, and rail
facilities tend to be centrally located. For purposes of estimating a
minimum origin stem time, this study assumes one hour to cross 30 miles of
a commercial zone in moderate traffic and to complete check-in procedures
at the rail facility gate.

Dwell time. The average dwell time at origin can be broken down into two
components:

o the average time between container or trailer arrival at the rail hub
and train cutoff time; and

0 the scheduled time between cutoff time and actual departure.

Railroads announce cutoff times for specific train departures to insure
that enough time is consistently available to load the train. The shortest:
dwell times can be achieved with dedicated double-stack trains for which
loading plans are provided, and for which containers arrive in a steady
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stream during the day. Railroad sources report that under the best
conditions containers for such trains can be accepted up to one-half hour
before scheduled departure. The longest times between cutoff and departure
are associated with common-user double-stack trains, which handle an
unknown mix of containers arriving randomly from a mix of customers who do
not provide advance loading plans. Railroads reportedly allow as much as
six hours between cutoff and departure for the most troublesome trains.

A domestic double-stack system cannot expect that domestic containers will
be organized as well as international containers from a single ship. On
the other hand, the potential performance of double-stack services should
not be limited to the lower end of existing services. This study assumes
that facility improvements, better communications and documentation from
the shipper, and particularly increased use of Electronic Data Interchange
(EDI) and Automatic Equipment Identification (AEI) will allow railroads to
accept containers up to two hours before departure. This standard is
currently exceeded by some dedicated trains, which have one-hour cutoffs.

Origin stem and dwell time. The minimum typical stem and dwell time of

three hours would correspond to a shipper who finishes loading at 4:00 p.m.
for a 5:00 p.m. cutoff time:

Stem time: 1 hour (4:00 p.m.-5:00 p.m.)
Dwell time: O hours (5:00 p.m. cutoff)
Loading time: 2 hours (5:00 p.m. cutoff to 7:00 p.m. departure)
3 hours

Therefore, this study uses a 3-hour minimum for stem-and-dwell time at

origin, corresponding to a high standard for time-sensitive traffic.

Destination stem and dwell time. The dwell time at destination depends on

the rail customer. The railroad notifies the customer when the container
or trailer will be available, and the customer chooses how and when to have
it picked up. An arriving double-stack train can be unloaded immediately
upon arrival, a process that takes up to 6 hours for a 20-car train, less
if multiple 1ift machines are used. The typical container would therefore
be unloaded and available for pickup three hours after train arrival.
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In trying to assess potential competition with motor carriers, it is the
time-sensitive customers that are relevant. Industry sources indicate that
time-sensitive customers notify their draymen of incoming loads well before
train arrival. Railroads “"cherry pick" the train to meet the demands bf
such customers, either by using multiple 1ift machines on the train or by
using sideloaders, which are more mobile than gantries, to unload selected
units. The drayman (and his customer) incurs the cost of an access trip to
the rail yard, but this trip does not add to total transit time because it
overlaps the train arrival and unloading time. This study uses a two-hour
unloading time to reflect priority treatment of time-sensitive loads

without assuming the highest priority for every unit. (The average would be
three hours for a train that took six hours to unload.) The potential
competitive destination stem-and-dwell time would therefore be three hours,.
as it is at origin:

Unloading time: 2 hours (0-6 hours range)
Stem time: 1 hour (half commercial zone, 30 miles)
3 hours

The total rail stem-and-dwell time used in this study is therefore six
hours, three hours each at origin and destination. This is a high
standard, met at present by only a few highly efficient operations and
demanded by only the most time-sensitive intermodal customers.
Nonetheless, it appears.to be an achievable standard and reflects the
potential performance of rail double-stack service in competition with

motor carriers.

5. Truck]bad and Double-Stack Transit Times

The principal long-term competitor for rail double-stack service is the
single-driver truckload common carrier. It is generally conceded that rail
intermodal service cannot compete with truckload carriers who use two
drivers (or relay drivers) to provide the fastest possible motor carrier
service. It is also conceded that no intermodal technology available can
compete with multiple-stop truckload carriers. The range of potential
competition between rail intermodal service and LTL motor carrier service
is largely Timited to occasions where intermodal service can replace the
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"truckload" haul between LTL terminals. This analysis therefore focuses
exclusively on single-driver truckload competition.

One critical feature of single-driver operations is the need for periodic
rest. Under Federal regulations, drivers are permitted to drive a maximum
of 10 hours before resting at least eight hours. Industry sources indicate
a typical truckload driver travels 540 miles in those 10 hours. The
average of 54 miles per hour includes short rest stops and slower travel,
as well as freeway travel in the 55-65 m.p.h. range. Drivers can actually
remain on duty 15 hours, if the remaining time is spent loading or
unloading. Although in practice drivers will often drive 12 hours or more
to complete a trip in a single stint, this study is predicated on lawful
operation of all modes over the long run. The 10 hours on/8 hours off
driving cycle yields the stepped time-distance function shown in Figure 13.
Actual trip patterns would not be this regular, since drivers adjust to
meet delivery times in distant cities, but Figure 13 gives a useful
abstraction of truckload movements.

Over the linehaul, railroads move at slower average speeds than trucks.

Intermodal trains with adequate power are capable of high speeds where
grades are minimal and track conditions permit. Yet even in the western
states, mountain ranges, urban areas, and other rail traffic slow and stop
evenrhigh-priority trains. Train crews must be changed, Tocomotives
serviced, and cars inspected. Interchanges, even run-throughs, slow
intermodal trains further. The fastest long-distance intermodal schedules
in the West call for average speeds of approximately 40 m.p.h. Trains,
however, need not stop for rest. By chaﬁging;cnews, the railroad keeps a
high-priority train moving while the trucker rests. As a result, the rail
intermodal movement can be portrayed graphically as a straight line.
Figure 14 shows a straight line corresponding to an average speed of 40
m.p.h. The Tine originates at 6 hours and 0 miles, indicating intermodal's
6-hour stem and dwell disadvantage. The 40 m.p.h. average is a high, but
achievable standard for most major rail corridors.
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6. Length of Haul

At an average of 40 m.p.h., rail intermodal service could overcome the
initial six-hour disadvantage and be reasonably competitive (delivering the
same morning or afternoon) with a single-driver truckload service at any
distance beyond one day's drive, 540 miles. A 700-mile door-to-door trip,
for example, would take the motor carrier roughly 21 hours (10 hours
driving, 8 hours rest, 3 hours driving). The same door-to-door trip would
require about 22 hours by rail (6 hours stem-and-dwell, 16 hours at 40
m.p.h.).

Intermodal service becomes more competitive as the length of haul
increases. Figure 14 shows that intermodal has a small disadvantage in the
540-1080 mile range, is roughly equal to truck in the 1000-1620 mile. range,
and has a significant transit time advantage for trips of over 1620 miles.
It also. shows clearly why it is difficult to operate competitive intermodal
services for door-to-door trips of 500 miles and under. For. all practical

purposes, a single-driver truck does not stop between origin and
destination for such hauls, and the railroad has little opportunity to make
up the stem-and-dwell handicap.

Door-to-door trips between 540 and 1080 miles are the intermodal
battleground. Under the best conditions likely to be encountered,
intermodal operations can compete on service and transit time with
single-driver truckload operations at the shortest distances in this range.
Under less-than-ideal conditions -- circuitry, slow terminals, poor track,
or lack of management commitment -- intermodal services will be forced out
of the shorter hauls in this range. Intermodal market share is almost
negligible in door-to-door hauls of less than 500 miles.

Many of the recently inaugurated premium conventional intermodal services
serve corridors in this distance range, including examples of Burlington
Northern Expediters, Norfolk Southern Triple Crown RoadRailer services,
Santa Fe Quality Service Network trains, and Southern Pacific Track Stars.
These trains, many of which are operated by reduced crews, are explicitly
designed to compete with trucks.
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Figure 15 shows the effect of drayage direction. Drayage "with the grain"
reduces the intermodal disadvantage to four hours (lowering the intermodal
line on the graph). The result is increased competitiveness, but only for
distances of over 540 miles. Drayage "against the grain" reduces
intermodal's competitiveness most markedly for door-to-door trips in the
540-1080 mile range; longer trips are less affected. It is clear, however,
that intermodal operations in the critical 540-1080 mile range could not
support drays of more than an hour or so against the direction of Tine-haul
travel.

Considering the shaded area in Figure 15 instead of the single 40-m.p.h.
Tine gives consistent results: rail intermodal operations can be
competitive in the 540-1080 mile range while allowing drayage across
typical commercial zones in all directions. The 540-mile door-to-door haul
thus appears to be the shortest market in which conventional or double-
stack operations can offer transit times competitive with single-driver
truckload operations.

B. COST CRITERIA FOR DOUBLE-STACK SERVICES
1. Overview

The second major factor in the potential for double-stack container ser-
vices is cost, both operating cost and total cost. The primary emphasis in
this study is on operating cost (including appropriate capital costs),
since operating cost reflects the potentiaT performance of competing
technologies. Total cost depends on organizational policies, marketing
practices, overhead costs, taxes, and other factors independent of double-
stack technology.

In keeping with the focus of this study on the potential for double-stack
container service, this analysis seeks to determine the lowest cost at
which regular double-stack service could be expected to operate. This
approach requires that each major factor in double-stack operation be
examined to establish reasonable minimum costs consistent with a high
quality of service. The most complex factor is the rail line haul, for
which this study uses computerized cost simulations. The analyses of other
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factors draw on a variety of industry sources for critical assumptions and
cost estimates.

2. Truckload Operating Costs

For the purposes of this study, the most critical cost comparison is
between double-stack and truck operating costs. Assuming double-stack and
truck rates bear the same relationship to the corresponding operating
costs, truck costs constitute a competitive upper bound on double-stack
costs. Truckload operating costs (exclusive of licenses, taxes, general
and administrative costs, or other overhead) are roughly $.71 per mile,
estimated by TRAM as follows: ‘ :

Equipment: $40,000 annual ownership and maintenance cost and 129,000
average annual miles yield $.31 per mile. '

Fuel: Mid-1988 and mid-1987 costs of approximately $1.05 per gallon,
and average consumption of 5.22 mpg (ATA) yield $.20 per mile.

Labor: Average wages and benefits of $11.00 per hour and average
speed of 55 miles per hour yield $.20 per mile (confirmed by 19,500
NMTDB interviews in 1987).

The most efficient firms are the so-called "advanced truckload firms"
((ATLFs). These firms use sophisticated computer information systems and
communication to maximize service.quality, responsiveness, and utilization.
ATLFs reportedly approach $.89 per laden mile, which suggests a utilization
factor of about 80 percent, typical of the industry. These costs do not
include any allowance for overhead (dispatching, billing, management, etc.)
or profit, and thus do not correspond to average system costs, rates, or
revenues.

Double-stack rates must be discounted from truck rates. Customers are not
willing to pay as much for intermodal service as for truck service. For
the immediate future, moreover, double-stack service (in all its many
aspects) will not be as good as the best truck service. The required
discount for TOFC service has been about 15 percent from truck rates. The
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required discount for double-stacks might eventually be reduced, as
double-stack service distinguishes itself from TOFC service and gains a
more truck-competitive reputation with shippers. Yet as recently as
mid-1989, a private shipper survey revealed that customers not only expect
double-stack service to offer a discount from truck rates, but a discount
from TOFC rates as well. Many customers apparently feel "the top container
rides free". This perception was fostered by early publicity on
double-stacks, which emphasized its cost advantages over TOFC, and by
aggressive pricing of domestic backhauls by ocean carriers. A 15 percent
discount‘may thus be conservative for the near future.

3. Rail Equipment Costs

Double-Stack Cars.  Trailer Train fs the major source of double-stack

(DTTX) cars. Moreover, railroad and supplier contacts agreed that Trailer
Train's rates serve as a benchmark for the industry. The Trailer Train
rate generally includes a per diem charge and a mileage charge. These are
full-service rates, including both time-based and mileage-based mainte-
nance. The most recent Trailer Train double-stack purchases are "heavy
1ift" cars, with 125-ton trucks, capable of handling 20-foot to 48-foot
containers in all wells. The current rate for these cars is $69.84 per day
and$0.065 per mile, per car (10 wells). This rate equates to a cost of
$6.98 per day and $0.0065 per mile for each platform, well, or 40-foot
container unit.

The table below summarizes these car costs:
Rail Car Costs

$/Unit
Total Mileage
Type Per Day Per Mile Equiva]ent*
Double-Stack (DTTX) $ 6.98 $ .0065 $ .0138
Conventional (TTWX) §$ 5.16 $. 015 $ .0204
Impack (UTTX) $ 8.16 $ .015 $ .0235

*
At 40 mph, 24 hours per day.
Source: Trailer Train
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Mileage rates reflect differences in maintenance expensez both conven-
tional and Impack cars have trailer hitches, which are expensive to main-
tain. The differences in mileage costs amount to more on the long hauls
typical of intermodal movements. On a 2,000 mile haul, the difference
between $0.0065 per mile and $0.015 per mile comes to $17.00 per unit. The:
table also shows a total mileage equivalent, including per diem at 40 mph
for a 24-hour day. The per diem charges for Trailer Train cars apply to
time spent in terminals as well as time spent on the road. If a double-
stack car spends 12 hours in the terminal at each end of the line-haul, it
would accumulate 12 hours of terminal time for each one-way trip. For dou-
ble-stack cars, this per diem implies a fixed cost of $3.49 per well in
addition to the variable line-haul costs. -For conventional and Impack
cars, the fixed terminal cost is $2.68 and $4.08 per unit, respectively.

Figure 16 displays the relationship between equipment costs (cost per unit
mile) and length of haul for double-stack (DTTX), conventional (TTWX), and
Impack (UTTX) cars. The two trailer cars, UTTX and TTWX, have essentially
parallel curves because'they have the same unit mileage costs. .The double-
stack car has an intermediate fixed cost (on the vertical axis); but
progressively lower per-mile unit costs because of its Tower mﬁ]eage
charge. A1l three curves drop sharply between 100 and 700.mi1es,.theb
effect of allocating the fixed terminal per diem expense over a progres-
sively longer line-haul. Once the Tength of haul exceeds 700 - 900 miles,
the curves are nearly flat.

Containers and Chassis. Containers or trailers are generally obtained

either from leasing company pools or through long-term leases. The daily
costs can differ significantly, as shown below:

Representative Container and Trailer Costs

$/Day
Breakeven
Pool Lease Utilization
48' x 102" Container $ 6.50 $ 4.9 75%
48' x 102" Trailer $ 12.50 $7.25 58%

Source: Greenbrier Intermodal, American President Intermodal.
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Pool costs include maintenance and storage. The lease costs shown are
either for full-service leases or include an amount for maintenance, but do
not include storage costs. The greatest difference is in risk and utiliza-
tion. The use of pool equipment entails no risk, no management, and no
responsibility when the equipment is not utilized. Long-term leases or
ownership do entail risk, management, and the responsibility for seeing
that the unit achieves acceptable utilization. Large carriers or mul-
ti-modals that can accept risk, manage the equipment, and achieve high
utilization can obtain significant savings by leasing or owning equipment.

This study used the container pool per diem rates: $6.50 per day for 48' x
102' container and $8.00 per day for a chassis. The combined per diem for
a container and chassis used in drayage, $14.50, is higher than for a
comparable trailer. To keep the cost of a container system Tower, the
chassis cannot be used in drayage or storage for more than 75 percent of
the total door-to-door time. This limitation could be a problem in the
shortest hauls, where terminal and drayage time together could approach or
exceed 75 percent of the total.

4, Rail Labor Costs

Basis of Pay. Labor costs are the most complex factor in the cost simula-

tion, and intermodal operations sometimes have separate labor agreements or
other special provisions. Because this project considered through double-
stack trains, there was no need to introduce the additional complexities of
switching between terminals. Arbitraries (crew payments for specific tasks
or delays in terminals) were not simulated, since their presence indicates
either abnormal operations or a conscious decision on the railroad's part
to incur arbitraries in place of some other cost. The three major remain-
ing variables are the basis of pay, the crew size, and the length of crew
districts. The following discussion and the labor costs used in the
simulations are based on current agreements for a major railroad in the
Pacific Northwest, considered typical of industry practice. The specific
rates chosen are for "new hires", because such rates will predominate in
the future.
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The basis of pay involves both time and mileage, with the actual pay rate
calculated on a mileage basis. The basic day's work is 8 hours and 108
miles. "Overmileage" is paid for miles exceeding 108. "Overtime" is paid
for time between 8 hours and 12 hours (the absolute 1imit for on-the-road
time), providing mileage also exceeds 108. The basis of pay is $0.94 per
mile for a "new hire" brakeman, once he or she has reached 100 percent pay
(pay starts at 75 percent on the date of hire). Overmileage is paid at
about $0.85 per mile. A1l overtime hours are converted to miles, at 1.5
times the basic rate of 13.5 miles per hour (108 miles in 8 hours), or
20.25 mph. The minimum day's pay is 108 miles at $.94 per mile, or $101.52.
The table below compares pay rates for brakemen, conductors, and engineers:

Typical Pa} Rates, New Hires

$/Mile
Brakeman Conductor Engineer
Basic Mileage $ 0.94 $ 1.09 $ 1.31
Overmileage $ 0.85 $ .90 $ 1.08

Source: Railroad industry contacts.

Crew Size. The four-person crew, consisting of two brakemen, a conductor,
and an engineer, is still common. As shown below, the aggregate pay for a
- four-person crew is about $462.24 per 8-hour/108-mile day, and $3.68 per
mile for overmileage:

Rail Labor Costs

Crew Size
Two Three Four
Basic Day's Pay $274.94 $384.33 $462.24
Overmileage $1.98/mile $2.83/mile $3.68/mile
"Basic Day's Cost $349.17 $488.10 $587.04
Overmileage Cost™ $2.51/mile $3.59/mile $4.67/mile

.
With 27 percent payroll taxes and benefits.
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Reducing the crew to three persons, as has become practical for many
intermodal trains, usually involves some additional compensation for the
remaining crew members, often called "productivity pay". Typical compensa-
tion is about $7.87 per person per trip. Pay rates for a three-person crew
plus productivity pay yield about $384.33 per day and $2.83 per mile for
overmileage. Some expedited intermodal trains and a very few double-stack
trains operate with two-person crews, just a conductor and an engineer.

Pay rates for such a crew, with productivity pay, would be about $274.94
-per day and $1.98 per mile for over mileage. The minimum cost estimate
used two-person crews, representing the minimum feasible labor expense.
Recognizing that two-person crews will not be universal in the near future,
each operation was also estimated with three-person and four-person crews.

To the basic pay rates discussed above must be added payroll taxes, bene-
fits, and other non-pay labor costs. Various sources, including AAR
summary publications and railroad R-1 reports, indicate that such costs
range from 23 percent to 33 percent of wages and salaries for transporta-
tion (as opposed to maintenance or administration), with 27 percent being a
typical value for the nation as a whole. The table above applies this 27
percent increase to the pay rates to derive labor costs for each crew size.
These Tabor cost figures were used in the simulations.

Crew Districts. Railroads, particularly the western railroads, have made

considerable progress on consolidating crew districts to obtain longer runs
between crew changes. For decades, the basis of pay was 100 miles per day,
and crew districts were roughly 100 miles Tong. Railroads have been
gradually lengthening crew districts, preferring to pay one crew for extra
mileage than to call another crew.

5. Rail Line-Haul Costs

Engineered Costing. Engineered line-haul costs were developed using
Manalytics' Rail Cost Model (RCM), a computerized train performance simu-

lator and costing algorithm. Engineered costing allows the researcher to
simulate optimal conditions, thus illustrating the best potential cost
performance that a given technology might deliver.
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Assumptions. Train performance simulation requires numerous assumptions
regarding technical performance factors and unit costs. For this study,
typical values were selected for those factors common to rail operation of
all types, such as locomotive specifications, fuel prices, wage rates, etc.
Factors specific to intermodal operations, such as train length, crew size,
and crew assignments, were tested for sensitivity.

A11 double-stack simulations used car specifications (weight, cross-sec-
tion; etc.) from Gunderson "Maxi-Stack II" 125-ton IBC cars,. typical of the
most recent additions to the double-stack fleet. All trains were assumed
to be carrying 48' x 102" domestic containers, whose specifications follow
those of the APC fleet. Containers were assumed to be loaded to the car
weight 1imit in both directions. Al1 simulations used high-horsepower,
4-axle locomotives for road power and, where required, for helpers. All
simulations were cabooseless.

No allowance was made for terminal switching. The need for terminal
switching and the associated costs vary widely, depending on terminal size
and configuration, train loading schedule, operating practices, and local
labor agreements. In the optimal case being simulated here, the train is
assumed -to be handled intact at a Targe facility or simply "doubled" (split
into two pieces on adjoining tracks) by the road crew.

Diesel fuel cost was estimated at $.3901 per gallon, the average price
reported by the AAR for 1987, adjusted by the late 1988 AAR cost index.
Incremental maintenance of way and structures is included in the RCM at
$.00120 per gross ton-mile. This figure was derived from regression
analysis performed during development of the RCM, adjusted to a 1988
equivalent using the ARR cost index for materials, supplies, labor, and
supplements, excluding fuel.

Line-Haul Simulations. Simulations of multiple double-stack operating
scenarios were prepared for two representative routes of different lengths:
Los Angeles-New Orleans (2010.2 miles via SP) and Los Angeles-Oakland
(559.4 miles via SP). Both routes cover a variety of terrain and operating
conditions. Various combinations of train length, crew size, and crew
district length were simulated for each route. For both routes, the base
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case simulation was a 20-car double-stack train with a 2-person crew
operating over extended crew districts.

Table 10 gives the estimated line-haul cost per unit-mile (in this case the
units are containers) for the Los Angeles-New Orleans simulation. The base
case cost was estimated to be $0.118 per unit-mile, not including the costs
of cars or containers. Cases 2 and 3 show the effects of train length on
unit cost. Reducing the train to 15-cars did not allow a reduction in the
number of locomotives or crew members, and produced a 15 percent increase
in unit cost. Increasing the train to 28 cars required additional Tocomo-
tives and/or helpers, which kept the net savings down to 4 percent.

Adding a third and fourth crewman increased the unit cost by 5 and 9
percent, respectively. Addition of the fourth crewman resulted in a
smaller incremental cost because Tonesome pay was eliminated for the other
three.

Case 6 simulated 2-person crews operating over short districts, typically
100-150 miles. Such operating methods would raise the unit cost by 3
percent over the practice of paying overmileage for fewer crews. Case 7
simulated a 4-person crew operating over short districts, a common practice
not long ago and still prevalent in some areas. The larger crews and
shorter districts would raise the cost by 13 percent over the base case.
The effect is somewhat compounded by the sTower schedule and greater fuel
consumption caused by additional stops. Case 8, with a 15-car train,
4-person crews, and short crew districts, produced a unit cost of $0.156
per mile, 32 percent higher than the base case.

Table 11 gives the results of comparable simulations for the 559.4 mile

Los Angeles-0akland route. The base case, using the same assumptions of 20
cars, 2-person crews, and extended crew districts, yielded an estimate of
$0.138 per unit mile (17 percent greater than the Los Angeles-New Orleans
route). '

Cases 2 and 3 simulated 15-car and 28-car trains with 2-person crews and
extended districts, and yielded costs of $0.142 and $0.130 per mile,
respectively. Cases 4 and 5 simulated 3-person and 4-person crews, and
resulted in unit costs of $0.144 .and $0.150 respectively. The unit cost
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Table 10

RAIL LINE-HAUL COST ESTIMATES
LOS ANGELES-NEW ORLEANS
2010.2 Miles

Case $/Unit Mile* % Change

1. Base Case:
20-car train,
2-person crews,
extended districts 0.118 -

2. 15-car Train,
2-person crews,
extended districts. 0.136 +15

3. 28-Car train,
2-person crews
extended districts. 0.113 -4

4, 20-car train,
3-person crew,
extended districts. 0.124 +5

5. 20-car train,
4-person crew,
extended districts. 0.129 +9

6. 20-car train,
2-person crew,
short districts. 0.121 +3

7. 20-car train,
4-person crew,
short districts. 0.133 +13

8. 15-car train,
4-person crew, :
short districts. 0.156 +32

*
Not including cars or containers.
Source: Manalytics' Rail Cost Model.



Table 11

RAIL LINE-HAUL COST ESTIMATES
LOS ANGELES-OAKLAND
559.4 Miles

Case $/Unit Mile* % Change

1. Base Case:
20-car train,
2-person crews,
extended districts 0.138 -

2. 15-car Train,
2-person crews,
extended districts. 0.142 +3

3. 28-Car train,
2-person crews
extended districts. 0.130 -6

4, 20-car train,
3-person crew,
extended districts. 0.144 +4

5. 20-car train,
4-person crew,
extended districts. 0.150 +9

6. 20-car train,
2-person crew,
short districts, 0.143 +4

7. 20-car train,
4-person crew,
short districts. 0.157 +14

8. 15-car train,
4-person crew,
short districts. 0.185 +34

*
Not including cars nor containers.
Source: Manalytics' Rail Cost Model.



increases, 4 percent and 9 percent, were essentially the same as for the
longer haul. Shortening the crew districts in Cases 6-8 yielded unit costs
ranging from $0.143 to $0.185 per mile, depending on crew size and train
consist. The percentage increases were similar to those obtained for the
Los Angeles-New Orleans simulation.

Line-Haul Cost Findings. . The engineered line-haul cost estimates for
double-stack trains range from $0.113 per unit-mile to $0.185 per unit-
mile, depending on route, train size, crew size, and crew districts. The

extreme low cost estimate represents a combination -- very long haul,
28-car train, 2-person crews, extended crew districts -- that is techni-
cally feasible but not currently available on any railroad. The extreme
high cost estimate represents a combination -- very short haul, 15-car
train, 4-person crews, short crew districts -- representative of only the
least efficient current operations. Both extremes represent minimums of a
kind, however, since neither allows for empty movements, delays, con-
gestion, or other day-to-day variations from optimal performance.

An attainable standard for the near future is likely to resemble the Case 4
simulations on Tables 10 and 11: 20-car trains, 3-person crews, and
extended districts. These simulations produced costs of $0.124 per unit
mile on the long haul and $0.144 per mile on the short haul, 4-5 percent
greater than the base cases and 20-22 percent below the highest cost cases.

Note that even this "attainable" standard assumes 100 percent loaded
movement in both directions, an optimistic assumption for an optimal rail
service. Actual double-stack arrivals in Los Angeles during 1987 had a
reported loaded average of 80 percent westbound. Industry sources indicate
that this number is inflated, however, due to the practice of reporting
entire trains as Toaded for billing purposes. Informal estimates put
actual loads at about 60 percent of the westbound movement, but increasing.
The lack of reliable utilization figures suggests that the prudent course
is to simulate optimal performance and to consider the loaded/empty balance
as a target for improvement.
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6. Gathering and Distribution Costs

Drayage Costs. Intermodal containers must be moved by highway between

inland rail hubs and the actual origins or destinations. Performed within
the commercial zone of a city, this function is known as drayage or
cartage, and is often provided by specialized firms. The central issue in
drayage or short-haul trucking costs is stem time; the time required to
pick up the intermodal equipment, move it to the shipper or consignee, load
or unload it, and return it to the intermodal hub.

There are five major elements in the underlying cost of highway movements
(exclusive of overhead or profit). Four of these five cost elements are
based on time, rather than distance:

annual or hourly cost of tractor ownership;
annual or hourly cost of tractor maintenance;
annual or hourly cost of license and insurance;
hourly labor cost; and

O O O o o

mileage-based fuel cost.

Annual ownership cost of a drayage tractor (which is not as elaborately
equipped as a long-haul tractor) is approximately $12,000: $8,000 for the
purchase (an $80,000 purchase price over 10 years, using straight-line
depreciation and allowing for no residual) and $6,000 for interest (at a
15% cost of capital). The typical annual cost of maintenance is
approximately $16,000. Thus, the annual cost of a fully maintained tractor
js about $30,000. Normal yearly usage is about 225 days per tractor (52
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